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· 1. EXECUTIVE SUMMARY 

This report presents findings, e:eliminary desigps and ~pense 

~stimates for remedial actions relating to groundwater and soil 

contamination by coal-tar wastes from the former Republic 

4 Creosoting site in St. Louis Park, Minnesota. Polynuclear aromatic 

hydrocarbons (PAH), which" are maj~r constituents of creosote and 

several carcinogenic compounds, have 

n St. Louis Park g~oundwater samples at 

exceeding proposed criteria for potable use. 

The affected aquifers include the Prairie du Chien-Jordan, the 

major aquifer in the Twin Cities area. If groundwater movement is 

not controlled in the Prairie du Chien-Jordan and shallower 

aquifers, the generally eastward groundwate~ flow will eventually ~ 

carry PAH to the MississipEi River or other tributary surfacJ~~ ~ 
waters, which can be expected to preclude future potable use V~~ 

? ~ 
(without treat.ment) in the affected ared. • 

.t ~.- ,. ' f Y' : 
A gradient control well system with wells in all aquifers can 

effectively control the groundwater PAH contamination, and such a 

system is feasible. - Water produced from the gradient control -
wells could be treated for potable use or be qischarged to 

0 

sanitary !!wer~ ~to the Mississippi River via storm sewers. The 

gradient control well system would need to oRerate fo~ an 

indefinite period in some aquifers. 

Removal of highly contaminated fluid ip tbe glacial drift~ -excavation of surficial peat and associated f~uid at the ~outh of -
the former Republic ~ .. _!:ould significantly benefit groundwater 

guality in the underlying bedrock aquifers. 
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It iE ... :nde;·~~tt a g~d~ent cnctrnl wei) &l(Qtem be 

implemented in order to protect downgradient groundwater. It is 

~ recommended as an interim measu;e that surficial peat 

deposits at the south of the former Republic site be capped with 

low-permeability material. These measures can be undertaken at an 

estimated capital expense of approximate~y seven million dollars, 

with·additional annual expenses ~f approximately one million 

dollars. 

Further conclusions and recommendations appear in the final 

sections of the report and are fully documented in the report 

appendices. 

-2-
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}1. INTRODUCTION 

ln May 1980, the State of Minnesota, acting through its 

Commissioner of Health, retained the firm of E. A. Hickok and 

Associates of Wayzata, Minnesota to conduct a study relating to 

contamination of groundwater and soils by coal-tar wastes from 

Reilly Tar and Chemical Company·r s·:"""former Republic Creosoting 

plant site in St. Louis Park. The basic objectives of the study -
were to assess the feasibility of 1) controlling. movement of -
contaminated groundwater by pumping from wells, 2) excavating 

contaminated soils, and 3) treating and disposing of the residual -
waste products. This report, which contains the findings of the 

assessment, presents preliminary designs ·and cost estimates for 
p 

~of the remedial procedures. Separately bound appendices 

represent technical memorandums produced in.the course of the 

study, and contain the detailed basis for the present report. 

A. Background of the Situation 

For a period of more than SO years ending in 1971, the Republic 

Creosoting Company engaged in the distillation of coal-tar 

products and the impregnation of materials with creosote on an 80 

acre site in St. Louis Park. The site (Figure 1) is west of the 

present Louisiana Avenue extension, east of Pennsylvania Avenue, 

north of Walker Street, and south of West 32nd Street. 

As a result of the creosote plant operations, substantial amounts 

of soil on and south of the property have been contaminated with 

coal-tar wastes, and in addition, leachates from the wastes have 

-3-
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~oveJ downward to contaminate groundwater in aquifers that serve 

~ as sources of water supply in the region. The contaminated 

groundwater ~n the uppermost aquifer e!tends in an easterly I 
Leachate ~~ infiltrated d~ 
possibl; , .. through natural ..<!1r"' ... 

1 1 ~irection approximately one mile. 

through 
... .,.. ... 

openings where the aquifers are not separated by relatively 

impermeable confining beds. To date, the contamination has 

resulted in the closure of seven munic~pal water supply wells and 

threatens the continued operation of other wells in St. Louis 

Park and adjoining municipalities. 

The State of Minnesota has been concerned for many years over the 

negative health implications of this situation and has funded 

several previous investigations to better define the problem and 

to explore ways of remedying it. The major health cpncern is that - .... 
some chemical components of the .coal-tar wastes (polynuclear 

aromatic hydrocarbons) are known to be carcinogenic. 

B. Previous Investigations 

The Minnesota Department of Health reported in 1938 that liquid 
. ' 

wastes were being dis~harged to a peat bog near the southern 

portion of the site. Phenol data for several wells in the area 
' 

and for the liquid wastes were also reported. 

' 
A 1969 study by consultants to the City of St. Louis Park reported -
measurable phenols in 14 municipal wells and in soil samples in 

the vicinity of the site. The report observed that improperly 

constructed wells in the area could serve as conduits for vertical 

migration of contaminants. 

--5-
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A report C<.Jmpleted by the Minnet;ota IJepartrueut uf llt:ulth in 1974 

concluded that measurable amounts of phenolic cornpoundtt, in varying 

concentrations, had bet!n found in water frurri more than 20 private 

and municipal wells in the St. Louis Park area. The report presented 

evidence of contamination of groundwater by phenolic compounds in 

several aquifer zones down to a-depth of about 900 feet, with the 

highest concentrations of the compounds being at sites close to 

the former creosote plant. The report also pointed out that soil 

borings near the plant si t'e showed the presence of a black viscous 

material with a strong creosote odor at depths of about 45 feet. 

In July 1977, a twp-phase study was completed by consultants to 

the Minnesota Pollution Control Agency to determine the ~mount and 

location of coal-tar derivatives in the surficial deposits and to 
.......... u ,.._, 

define patterns of vertical and horizontal groundwater flow -
·through the aquifers •• The report of the study indicated that -
large quantities of coal-tar wastes were present at depths of SO 

to 60 feet over a relatively large area and that excavation of 

those wastes undoubtedly would be very expensive. It~ 

concluded that the slow movement of contaminated groundwater might 

be controlled or reversed ~y pumping from specially designed wells 

in the ~ffected aquifers. 

In 1977 and 1978, the Minnesota Department of Health released 

reports on the possible health effects from the contamination of 

the former Republic Creosoting site. The reports discussed the 

possibility of exposure of people through contact with the 

contaminated soils on the site and indicated that a study was 

needed on the feasibility of excavating and removing those soils 

in order to remedy this potential threat. 

~6-
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The l~· ... s:..,_. _G..:.e..:.o_l_o;;.;g::.~;.· c..;;...;;a.-l_..S_,u-..r;..v_e.;.y:......;<_u..;;s;_G...;S~) .,r e 1 eased a r e pv r t on the 

groundwater contamination in St. Louis Park in January 19&1. 
' -

This report contains much useful data on the hydrogeology arid 

nature of contamiantion. 

c. Scope of this Investigation 

The present investigation was designed to provide technical data 

and design concepts on the feasibility of controlling the movement 

of contaminated groundwater ~ pumpina from wells ~~xcayati~ 

contaminated soils •. Both remedial actions involve removal from 

the subsurface of contaminated materials, which may have to be 

treated prior to disposal in order to reduce their threats to 

health and the environment. Thus, major objectives of the 

investigation were to suggest acceptable levels of contaminants 

and to determine the methods and costs of different treatment 

alternatives. The assessment of treatment methods includes 

results of pilot experiments conducted by and for the City of 

St. Louis Park. 

The report also examines alternatives for the ultimate disposition 

of water and contaminated soil and explains the engineering 

requirements and their cost components. The potential 

environmental consequences also are discussed. 

D. Sources of Information 

The information upon which the present report is based has been 

derived from many sources, including the major reports referred to 

previously that dealt specifically with the contamination 

situation at the former creosote plant site. In addition, an 

-7-
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i-ntensive revie~ has been made of pub_lished and unpublisht:<.J c..iatu 

............ .,.....,...... 
on the resional geology and hydrology, groundwater use, locations--

of buried bedrock valleys, experiences with coal-tar wastes in 

similar hydrogeologic environments, and standa~ds for acceptable 

levels of contaminants in other parts cf the nation. 

--.-· .· 
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ill. LITERATURE REVIEW 

Several computerized bibliographic data bases and other sources 

were searched for information on creosote and polynuclear aromatic 

hydrocarbons (PAil). One topic of special concern is environmental 

criteria, or acceptable levels, f~~ PAll. There are at present g 
official standards, on either the State or Federal level, for PAH 

in ambient waters or municipal water supplies. Another important 

topic is treatment technology for PAH removal. The literature 

review focused on these two topics. 

A. Acceptable Contaminant Levels 

relevant to acceptable PAH levels 

is contained i itled "Literature Review - Acceptable 

review of critical documents and a 

discussion of criteria proposed during this study to provide a 

framework for the study's completion follows. 

The primary concern over PAH contamination stems from the cancer-

causing, or carcinogenic, property of a number of PAH compounds. 

Some 12 PAH compounds are listed as ·~aving substantial evidence 

of carcinogenicity" in the July 14, 1980 EPA publication, "The - -
Carcinogen Assessment Group's List of Carcinogens." These 

compounds are shown in Table 1 - Carcinogenic PAH. It should be 

noted that this list is almost surely iReeqpl$te since relatively -
few of the many PAH compounds have been thoroughly investigated 

for carcinogenicity. 

-9-
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TABLE; 1 

Carcinogenic PAH 

Benz(a)anthracene 

Benzo(a)pyrene 

Denzo(b)£1uoranthene 

Benzo(j)fluoranthene 

Chrysene 

Dibenz(a,h)anthracene 
. 

Dibenzo(a,e)pyrene 

Dibenzo(a,h)pyrene 

Dibenzo(a,i)pyrene 

7,12-dimethylbenz(a)anthracerie 

Indeno(l,2,3-c,d)pyrene 

3-Methylcholanthrene 

SOURCE: u.s. Environmental Protection Agency, "The Carcinogen 
Assessment Group's List of Carcinogens," July 14, 1980. 

Two agencies in recent years have established PAH criteria for 
wHO ~-pP-c-

waters. The World Health Orqanizatign in 1971 specified a maximum 

permissible concentration in drinking water of 200 nanograms per 

liter (ng/1), or parts per trillion, !_or the sum of ~AH 
compounds (fluoranthene, benzo(a)pyrEtne, benzo(b)flu·oranthene, 

benzo(k)fluoranthene, benzo(g,h,i) perylene and indeno (1,2,3-c,d) 

pyrene). This criterion does not have logical basis 

and has generally come to be regarded 

-:-10-
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The u. s. Environmental Protection Agency (EPA) published a 

docum~nt entitled "Ambient Water Quality Criteria for Polynuclear 

Aromatic Hydrocarbons" in 1978, with an updated version in October 

1980. It is widely held that there is no threshold level for 

carcinogens. Instead, it is believed that very low exposure does 

cause cancer, but at a proportionately low rate of incidence. 

This concept is embodied in the October 1980 EPA document, which 

states: 

For the maximum protection of human health from the 

potential carcinogenic effects due to exposure of 

polynuclear aromatic hydrocarbons through ingestion of 

contaminated water and contaminated aquatic organisms, 

the ambient water concentration should be zero based 

on the non~~hreshold assumption for this chemical. 

However, zero level may not be attainable at the 

present time. Therefore, the levels which may 

result in incremental increase of cancer risk over 

the lifetime are estimated at lo-5, lo-6 and lo-7. 

The corresponding recommended criteria are 28.0 ng/1, 

2.8 ng/1 and 0.28 ng/1, respectively. 

These EPA criteria are based on a study of the specific compound 

benzo(a)pyrene (BaP). BaP is believed to be the mpst potent 

carcinogen of the PAH. Therefore it is conservative, and 
; ~ 

reasonable, to use BaP as a basis for other PAH criteria. 

-11-
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. ··. %~ble Water. The criteria proposed uuring this study fur 

potable. water are based on ·the EPA criteria, as applied to 

individual PAH compounds. Separate criteria are proposed for 

those PAH known to be carcinogenic, and fer all other PAH. Limits 

for "other " are set due to concern for synergistic effects. 

The Minnesota Department of Health has commonly adopted a risk 

level of 10-S for single chemical species. However, a risk level 

of 10-6 is more appropriate for individual carcinogenic PAH 

compounds, since several such compounds can occur together in 

creosote-contaminated water. The lo-6 risk level corresponds to a 

concentration limit of 2.8 ng/i for carcinogenic PAH: however, it -
is proposed to consider the detection limit as the criterion 

whenever the detection limit exeeds 2.8 ng/1 for a compound. 

For other PAH, a concentration limdt of 28.0 ng/1 is proposed. 
--- c::=: -

This corresponds to a lo-S risk level for BaP, but it cannot be 

related to a risk level for these "other PAH" since they are (at 

least presumably) non-carcinogenic. This is a purely judgmental 

limit. It is intended to prevent substantial synergism with 

carcinogenic PAH possibly present at low levels. As with the 

carcinogenic limit, whenever a detection limit exceeds 28.0 ng/1 

it serves to define the acceptable level in that case. 

~oundwater. The proposed criteria for groundwater are identical 

with those for potable water. Groundwater in the region is 

generally of excellent quality, and is widely and heavily used for 

drinking water. 

-12-
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-~1. The proposed criteria for so.il are determined by n1ultiplying 

the potable water criteria (2.8 ng/1 and 28.0 ng/1, respectively, 

for carcinogenic and "other" PAH) by a Sorption Factor, which 

describes the tendency for a compound to be adsorbed by (i.e., 

adhere to) soil particles. The Sorp~ion Factor is the ratio of 

adsorbed to dissolved concentrations of a compound at equilibrium~ 

it is also called the "partition coefficient." 

The literature on PAH sorption concerns sorption on soil, sediment 

and artifical media. Values of the partition coefficient, Kp, are 

reported for eight PAH compounds on various natural and artificial 

media and range over several orders of magnitude (May, 1980; Means 

et al., 1979: Means et al., 1980: and Southworth, 1979). The 

generally lower values reported by May (1980) appear to be 

descriptive of the Middle Drift aquifer (see Section V), because 

it is a sand and gravel aquifer expected to be low in organic 

carbon content - a physical characteristic of soils which has been 

positively correlated with Kp values (Means et al., 1979: and 

Means et al., 1980). 

Values· of the octanol-water partition coefficient (a parameter 

related to Kp) reported for many PAH compounds by Yalkowsky and 

Valvani (1979) were used to extend the limited data of May (1980) 

by logrithmic regression. Resulting Kp values are 60 to 168 

liters/kg for the five carcinogenic PAH, and 5 to 23 liters/kg for 

the five "other" PAH, most frequently showing highest 

concentrations in the monitored wells in St. Louis Park. 

-13-
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From this it is concluded that Kp values of 100 liters/kg for 

carcinogenic PAH and 10 liters/kg for "other" PAll are representative 

of the Middle Drift aquifer. These lead to soil criteria of 

280 ng/kg for individual PAH compounds, whether carcinogenic or not. 

~urface Water. Various criteria ·have been considered for surface 

waters and discharge into surface waters. 

The most stringent surface water criteria were based on a high 

rate of fish consumption from the Mississippi River (one pound pe~ 

capita daily), assumed for a critical population group in the Twin 

Cities (the Hmong). This resulted in a ljmis g( a 018 ns/1 for -each carcinogenic PAH in the Mississippi River, with a 

carcinogenic. If these strict criteria were adopted for the 

Mississippi River, it would be consistent to apply them ~to 
Minnehaha Creek and other local surface waters. Another set of 

criteria is based on meeting the potable water criteria in any 

surface receiving water. In this and the previous.criteria, 

detection limits would serve as criteria whenever exceeding the 

defined limits for individual compounds. 

Two further criteria come directly from the oc+oher. ~80 EPA 

criteria document: they are 31.1 and 311 ng/1 for ''total" PAH, 

corresponding to risk levels of one in 1,000,000 and one in 

100,000, respectively. The Minnesota Pollution Control Agency 

suggests that these criteria be investigated, and that they be 

interpreted as applying to the sum of detectable concentrations 

only. That is, all concentrations reported "below detection limits" 

would be assumed to be zero for purposes of summing the "total" PAH. 

~14-
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In summary, four surface water criteria are: considered here, as 

shown below in Table 2. 

TABLE 2 
• 

Possible Surface Water Criteria for PAH 

1. Fish Intake Criteria 
Each Carcinogenic PAH 
Each "Other" PAH 

2. Potable Criteria 
Each Carcinogenic PAH 
Each "Other" PAH 

3. EPA Criterion (lo-6 risk) 
"Total'' PAH 

4. EPA Criterion (Io-5 risk) 
"Total" PAH 

B. Treatment Technology 

PAH Limits (ng/1) 

0. 0 18 -t,;:r ~in-;,J 
0.18 (I 

2.8 

28. 0>~ JJA,..t 
"j~Yi 

31.1· . 71 
311. t;; -~ 

Presented here is a concise review of treatment tecbnaJog¥ for PAH 

removal. Appendix C entitled ''Collection and Treatment of 

tt'' Je../(~~~t COntrol Well Discharge" includes a more extensive review. 

~ (Polynuclear aromatic hydrocarbons (PAH) are compounds of two or ) 

lmore aromatic rings, where adjacent rings share two carbon atoms. 

Identification of PAH dates back at least to the 1940's, when 

solubility ranges for phenanthrene and benzo(a)pyrene were derived 

(David, 1942). The first investigations of PAH in surface and 

groundwater& were reported in Germany in the early 1960's 

(e.g., Borneff and Fischer, 1962). In the 1970's, significant 

studies were conducted on PAH levels in surface and ground waters 

in the United States (National Organic Monitoring Survey, 1978~ 

Saxena et al., 1977: Basu et al., 1978). 

-15-
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Several investigators have found conventional treatment methods, 

including clarification and chlorination, to be capable of 

significant PAH removal. However, such methods favor removal of 

sorbed and higher molecular weight PAH. Removal of PAH through 

chlorination c:n result in synthesis of new compounds which ~ be 

more toxic and/or carcinogenic than the original PAH • .... 
·~ • 

As early as 1962, Borneff and Fischer (1962) reported 99 percent 

PAH removal using activated carbon filtration. Later, 99 percent 
~ a:::a-

removal of PAH was demonstrated using ten types of activated ~ 

~/~o 
carbon (Borneff, 1978). Further studies s.uggest that activated 

carbon, whether granular or powdered, is an effective method for 

removal of PAH. However, there is some !vidence tbat activated 

carbon is ~ot effective
4

£or the removal of PAH ~ concentrations 

less than 20~ (Borne££, 1977). 
~d...J? 

The U. s. Environmental Protection Agency has promulgated Interim 

Primary Drinking Water Regulations in accordance with the 

provisions of the 1974 Safe Drinking Water Act (PL 93-523}. 

Considerable debate and research on many areas of the regulations, 

including the most appropriate technique for elimination of 

certain organics for drinking water, has occurred since their 

issuance. Proposed amendments to the regulations (Federal 

Register, February 9, 1978) strongly suggest the use of granular 

~ctivated carbon as the treatment technique of choice for ------------controlling synthetic organic chemicals. At present, alternative 

equivalent processes require a variance from the· appropriate 

regulatory agency, though it appears this may change in view of 

recent research and experimental studies. 

-16-
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Other available treatment processes for removing organic chemic~ls 

include powdered activated carbon, aeration, synthetic resins, 
~ 

biologically mediated filtration, improved coagulation, 

chlorination, ozonation and ultravio~et radiation. Much research 

and experimentation have been conducted on removal or control of 

such contaminants as trihalomethane with these processes. 

However, very little information is av e on PAH removal with 

these processes. 

In 1980-1981, E. A. Hickok and Associates conducted for the City 

of St. Louis Park a pilot plant study of three treatment 

techniques for PAH removal. The three techniques were powdered 

activated carbon, granular activated carbon and,hydrogen 
> 

peroxide-ultraviolet radiation. The resulLs of the pilot plant 

study were submitted to the City in a report entitled, 

••orinking Water Treatment and Remedy Evaluation .. (April 1981). 

The report concluded that powedered activated carbon and_ granular 

a~tivated carbon are capable of removing 95 to 99 percent of PAH 

compounds providing raw water concentrations are above 20 ng/1. 

_!.emoval efficiencieA were generally better for the non-carcinogenic. 

_PAH COmpounds. Results were act favorable for hydrogen peroxide-

ultraviolet radiation. While additional pilot plant studies are 

required to fully understand and verity the use of activated 

carbon for PAH removal, the results of the Hickok study and 

studies by others indicate that removal efficiencies as high as 99 

percent can be achieved. 

~;, ~j LtJI>pk 

~~ 
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IV. STUDY METHODOLOGY 

A. GeneraL Approach --
The general approach of this study was to utilize existing data in 

the formulation of remedial measures for groundwater and soil 

contamination. The study did not include field investigations. 

~tead, it made use of field dat·a- from previous investigations 

~f,~and on-going monitoring by the Minnesota Department of Health, 

Appl+ ::::. U.S. Geological Survey and others. Appendix F, "Review and 

';}i~ Evaluation of Data, • discusses information considered in the 

study. Information deficiencies relevant to the contamination of 

soil and groundwater and its remedy in St. Louis Park are 

described in Appendix H, "Information Deficiencies." Data through 

August 1981 have been incorporated into the present report. Jl'11f!T M, 

More than 25 meetings plus additional frequent contacts with agency 

personnel and· others in the course of the project facilitated the 

transfer of information to the consultant. The Minnesota 

D~partment of Health, Attorney General's Office, Pollution Control 

Agency, Department of Natural Resources, City of St. Louis Park, 

u.s. Geological Survey and Environmental Protection Agency 

participated in various meetings and provided the consultant with 

data. 

In the development of the work plan for the investigation, it had 

been anticipated that use would be made of a u.s. Geological 

Survey three-dimensional digital computer model of solute 

transport in the Prairie du Chien-Jordan aquifer. The model has 

not been available, ·however, for the present study. In its 

,-18-
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absence, the gradient control well system design described in this 

report is based on mathematical models of the individual aqu.ifers 

and a consideration of aquifer interrelationships. Lack of the 

computer model did not constitute a significant constraint on the 

findings of the investigation. ·~--

B. Fundamental Assumptions 

The following assumptions are fundamental to the results of the study: 

1. 

2. 

3. 

The hydrologic Earameters describing the groundwater system 
" 

..-.. 

are as given in Table 3. 

The background ~roundwater gradients observed in the aquifers 
( 

are uniform throughout the area of influence of proposed 

gradient control wells~incorporate the effects of current 

pumping. 

·' The extent of groundwater contamination is deter~ned by the 

proposed criteria for PAH and is defined by analyses of 

groundwater samples obtained prior to September 1, 1981. 

4. Presently observed contamination of aquifers below the 

Plattevilie is due to multi-aquifer wells and possibly a 

buried bedrock valley east of the Republic site. --------
S. Contaminated groundwater pumped from outside the Republic site 

and adjacent area can, with the best technology available, be 

treated_to meet the proposed potable criteria for PAH. 



.· 
-· 

6. ~(adherence to the aquifer matrix) of PAll compounds is 

significant in the glacial drift and possibly the bedrock c. ---confining beds, but is negligible in the bedrock aquifers. 

These assumptions accord with the available information and 

represent reasonable extensions- or-- simplifications of the data. 

-20-
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v. GRADIENT CONTROL WELL SYS'~ A-~~ A-.. 

The principal aquifers of the St. Louis Park area considered here 

are the Middle Drift, Platteville, St. Peter, Prairie du Chien-

Jordan, Ironton-Galesville and Mt. Simon-Hinckley. Analyses of 

groundwater samples from wells in the St. Louis Park. area indicate 

polynuclear aromatic hydrocarboris·c (PAa) are presen9of 

these aquifers. The source of the PAH compounds is believed to be 

the former Republic Creosoting site in St. Louis Park.. PAH 

migration has been attributed to leakage from the disposal pond 

south of the site and the effects of multi-aquifer wells and 

possibly a buried bedrock valley. 

The proposed gradient control well system is designed to control 

the movement of, aud eventually remove, 

with PAH compounds. For the purpose of 

groundwater contamination is defined as 

groundwater contaminated 
(\~~~ 

remedial plan design, c::)le ~- frf ~ 
the presence of 1) any 0.. ~~ -

individual carcinogenic PAH concentration greater than 2.8 

nanograms/liter or 2) any other individual PAH concentration 

greater than 28 nanograms/liter. 

This section of the report is essentially the same as Appendix A, 

also entitled "Gradient Control Well System." 

A. Hydrogeology 

1. General Description 

The stratigraphic sequence of the aquifers and separating -
aquitards in the St. Louis Park. area is shown in Figure 2, and the 

corresponding hydrologic parameters are summarized in Table 3. 

The uppermost aquifer in the sequence is the Middle Drift, a 

glacial sand and gravel aquifer which varies in thickness from 

-21-
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Table 3 . 
HYDROI.DGIC 1?1\RAME'l'ERS* 

Horizontal Vertical 
Awroxinate Upper Ag>roxinate Hydraulic Hydraulic 
Cootact Elevatioo 'lhidmess Transmissivity CoOOuctivity Corductivity Effective 

H,ydrologic Unit ( ft above NGVD) (ft) (gpd/ft) (gpd/ft2) (gpd/ft2) l'oro6ity 

UJ:Per Drift Variable 5-40 

Till Variable 2-10 

Middle Drift Variable 20-40 7,600-31,300 250-1,040 0.30 

Basal Drift Variable 10-30 0.03 

Platteville 811-840 0-30 o-37,000 0.05 

I Gler...aod 805-811 ()-6 1.2 X 10-4 0.25 N 
w Confining Bed 
I . \ 

St. Peter eo5 110 20,000 180 0.30 

Basal st. Peter 695 55 0.02 0.20 
Ca1fining Bed 

• 
Prairie dJ 640 210 50,000-150,000 240-710 0.15 
Chien-Jordan 

St. lawrence- 430 190 0.01 o.lo-o.3o 
Franconia 

Irontoo- 240 so 1,050 21 0.25 
Galesville 

Eau Claire 190 90 0.007 o.Io-o.3o 

Mt. Sinon- 100 265 12,000 45 0.22 
Hinckley 



... 

·. 
about 20 to 40 feet. The Middle Drift is overlain by a low 

hydraulic conductivity glacial till layer. Another low conductivity 

layer, the basal drift, separates the Middle Drift and underlying 

Platteville aquifer. At the base of the Platteville lies the 

Glenwood confining bed. This hydrologic unit consists of the 

Glenwood shale and a shaly transit'ion zone in the upper St. 

Peter. The Glenwood confining bed greatly inhibits downward flow 

from the Platteville to the St. Peter. Above this bed, water from 

the disposal pond has flowed downward into the Middle Drift and 

Platteville aquifers through which it is conveyed in a generally ,..---
eastward direction. -
The St. Peter sandstone aquifer lies. below the Glenwood confining 

bed. The basal St. Peter is consistently silty and thus behaves 

as an aquitard separating the St. Peter and Prairie du Chien 

aquifers. Underlying the Prairie du Chien dolomite is the Jordan 
~ 

sandstone aquifer. Since no confining bed separates these two 

aquifers, they are considered as a single unit~he Prairie du 

Chien-Jordan. Both the St. Peter and the Prairie du Chien-Jordan 

aquifers receive recharge from the Lake Minnetonk~e~nd 

discharge to the Mississippi River. Therefore a atura eastward 

{low through these aquifers occurs in the St. Louis Park area. 

Locally, the effects of pumping wells alter this flow pattern. 

Below the Jordan sandstone lies the St. Lawrence dolomite-

,. siltstone and Franconia sandstone. These two units comprise a 

thick aquitard separating the Jordan and Ironton-Galesville 

sandstone aquifers. The siltstone and shale sequences of the 
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Eau Claire act as an aquitard separating the Ironton-Galesville 

from the ~t. Simon-Hinck~sandstone aquifer. Unlike the St. 

--~==-----~===-----------------~--Peter and Prairie du Chien-Jordan, the Ironton-Galesville and Mt. 

Simon-Hinckley aquifers are not hydraulically connected to Lake 
I . 

Minnetonka or the Mississippi River. Therefore, no significant 

natural flow trend is presumed to exist in these aquifers as is 
~ 

indicated by contours of the Mt. Simon-Hinckley piezometric 

surface. 

2. Bedrock Valley 

A bu~ied bedrock valley cutting through the Platteville and Glenwood 

-------------into the St. Peter is believed to exist southeast of the site as --

shown in Figure 3. 

shale in logs of wells Wlll* and Wl22. 

bedrock valley is attributed to the possible conveyance of contaminatec 

water from the disposal pond to the valley through the Middle Drift 

and Platteville aquifers. In the buried valley the exposed 

St. Peter is expected to receive inflow from these aquifers due 

to natural hydraulic potential differences. 

July 22-24 and March 3-4, 1981 water level data from Platteville 

monitoring wells display preferential groundwater flow directions 

to the east and southeast around the buried valley. This could be 

due to low hydraulic conductivity basal drift overlying the 

Platteville which diminishes toward the valley. Groundwater 

approaching the valley would terid to flow in the directions of 

continuous Platteville rather than into the low conductivity basal 

*Well identification follows USGS notation as in Hult and 
Schoenberg (1981). 
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·drift. Corresponding water level data from~i dle Drift 
(.__;._. 7 

observation wells indicate flow in this aquifer is generally 

3. Multi-Aquifer Wells 

Vertical flow between aquifers can occur through the bore of a 

multi-aquifer well. Multi-aquifer wells in St. Louis Park have 

been important conduits for downward movement of contaminants into 

bedrock.aquifers (i.e., aquifers other than the Middle Drift). 

The Minnesota Department of Health has located and properly 

abandoned several multi-aquifer wells in the area and is 

currently pursuing a program aimed at thoroughly completing this 

task. 

B. Remedial Plans 

1. Conceptual Base 

Groundwater flows in response to a hydraulic gradient. Natural 

gradients occur in aquifers possessing natural recharge and 

discharge areas. Pumping induced gradients exist due to aquifer 

discharge into wells. At any point within an aquifer, the resulting 

gradient due to pumping wells may be determined using groundwater 

flow equations. This approach was applied in the remedial plan 

designs for the Mt. Simon-Hinckley and Ironton-Galesville 

aquifers in which groundwater movement is aasume~be dominated 
.... ----

by pumping induced gradients. 
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· T~ecd.dle Drift, Platteville, st. Peter dnd l'rairie du chien­

Jordan aqui~~possess generally eastward natural gradients which 

must be incorporated in the design of gradient control (or 

"recovery" or "interception") well systems. A well pumping in 

these aquifers will have a corresponding area of influence in 

which all groundwater will flow _tQWard and eventual!¥ be withdrawn - ---by the well. The area of influence of the well may be approximated 
_.:;.------__ 

·based on the hydraulics of a well pumping in a uniform flow field. 

This approach was used to determine recovery well locations and 

pumping rates required to intercept the flow of contaminated 

groundwater in these aquifers. 

2. Mt. Simon-Hinckley Aquifer 

Groundwater contamination of the Mt. Simon-Hinckley is to 

movement in the aquifer is dominated by pumping induced gradients. 

St. Louis Park (SLP) municipal wells 11, 12 and 13 are 

Mt. Simon-Hinckley wells in close enough proximity to exert 

pumping induced gradients in the contaminated zones and thus 

influence the movement of ·this water. In the past decade, 

groundwater flow within the area has been convergent toward SLP 11 

since it has maintained the highest discharge rate of the three 

municipal wells. Based on 1979 and 1980 total pumpage records~ 

the present average pumping rates for these wells are 

approximately 600 gallons per minute (gpm) for SLP 11 and 

-28-
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300 gprn for SLP 12 and 13 each. Three remedial plans for the Mt. 

Simon-Hinckley were considered, all of which necessitaEecon-tinued 

heaviest pumpage by SLP 11 or by newly constructed recovery wells 

nearer the assumed sources of contamination. 

~ The first plan is ~ continue tb<i~Present DUI1l£ing patter~In the 

/"t aquifer with an average discharge of 600 gpm or greater fr'om SLP 11 
I~<./ 

~ I ) and average discharges from SLP 12 and 13 at rates up to one-half 

that of SLP 11. In so doing, contaminated groundwater originating 

at the two multi-aquifer wells will continue to move toward and 

eventually be withdrawn by SLP 11. This well would then require 

treatment when contamination occurs in order to continue providing 

municipal. 'water supply. 

~The second an is the rapid recove~of contamination by two 

proposed recovery wellsr~W23 and~W38 (Figure 4), constructed 

adjacent (W23) and Milwaukee Railroad (W38) wells, 

respectively. To insure convergent flow of contaminated groundwater 

toward the recovery wells, they should be pumped equally at an 

average rate of 300 gpm or greater each: use of SLP 11 should be 

discontinued: and the average discharges of SLP 12 and 13 should 

not exceed half the combined discharge of the recovery wells. 

~The third remedial plan is to withdraw all contaminated 
b~~ 

~ ~ groundwater through one recovery well, RW2 (Figure 4), located 
;;,).¥ 

:~~~J~~~midway between the Hinckley (W23) and Milwaukee Railroad (W38) 

~ wells. Again, to insure tha~ flow of contaminated groundwater 

converges toward the recovery well, it should be pumped at an 
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average rate of 600 gpm or greater, SLP 11 should be shyt down and 
' > 

wells SLP 12 and 13 should be used at rates less than or equal to 

half that of the recovery well. 

3. Ironton-Galesville Aquifer 

~ Ji( A a in the Mt. Simon-Hinckley aq\lifer, contamination of the 

~~~~ Ironton-Galesville is assumed to be localized in the vicinities of 
uJ"u-

the multi-aquifer Hinckley (W23) and Milwaukee Railroad (W38) 

wells (Figure 4). Groundwater flow within the aquifer is assumed 

to be dominated by pumping induced gradients. Since little or no 

use of this aquifer occurs within the area, the migration of ..,.. ---...... 

contaminated groundwater from the source multi-aquifer wells 

is expected to be~ Based on these assumptions, 

Ironton-Galesville groundwater contamination could be retrieved by 

two new recovery wells located adjacent to the multi-aquifer 

-~~ source wells or by one centrally located recovery well, analogous 

~->~~the latter two Mt. Simon-Hinckley remedial plans. However, 
a--()" 

further investigation of the nature of groundwater movement and 
,, 

contamination in the Ironton-Galesville should be conducted before ---
undertaking such remedial measures. 

4. Prairie du Chien-Jordan Aquifer ~ { ,-v !O jf~ ~ 
Eastward trending groundwater flow occurs through the Prairie du 

Chien-Jordan aquifer in the St. Louis Park area. Potentiometric 

contours for the winter of 1970-7l.and January and June 1981 

indicate an eastward gradient of about 10 feet per mile. Two ---­remedial plans were considered in which the eastward flow of 

contaminated groundwater would be intercepted and withdrawn by 

wells. The first plan is to maintain average discharges of 

11; --
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. S.LP 'f 
1 

t1> 7.{) ..J-~ f._LAJ{JJJJ..,._ ~ 
800 gpm from St. Louis Park municipal well 4 (SLP 4, Figure 5), 

1000 gpm from the Park Theater well (W70) and 1500 gpm from Old 

SLP 1 (Wll2). The second plan is to pump SLP 4 and the Par~ 

Theater wells at average rates of 800 gpm and 1000 gpm, respectively, 

• and construct a new well, RWl, just east of Bass Lake to be pumped 

at an average rate of 800 gprn. The resulting areas of influence 
···-··· 

for these pumping plans are shown in Figure 5. 

~ In conjunction with either of these plans it is suggested that 1) 

~ municipal demands be partially met by treating a combined average 

~discharge of 800 gpm or greater from SLP 10 and 15, and 2) heavy 

~S)'~'q 1use of municipal wells located on or near the northern, ·southern 

g,J;P l ~ -t-' and western extent of presently known contamination (i.e. SLP 5, 

/~,~6, 7, 9, 14, 16 and Hopkins 3) be discouraged. This additional 

action will tend to contract the contaminant plume and allow a 
""" 

• somewhat shorter cleanup dur~ 

5. St. Peter Aguifer ~. ~ ~.-v/0'/JJ 
~As in the Prairie du Chien-Jordan aquifer, groundwater flow 

~~ through the St. Peter is generally west to east in the St. ~uis 

~ ~~7 Park area. Water levels in St. Peter wells during March 3-4 and 

July 22-24, 1981 indicate a maximum eastward gradient of about 10 

-

feet per mile. The eastward flow of contaminated groundwater 

could be collected by one proposed well, RW3 (Figure 6), pumping 

at an average rate of 300 gpm. This well would also capture 

groundwater which may enter the St. Peter from the overlying 

Platteville or Middle Drift aquifers through the bedrock valley. 
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6. 

March 3-4 and July 22-241 1981 water level data from Platteville 

monitoring wells indicate local groundwater flow diverges to the 

southeast and east in the vicinity o~ the huried bedrock valley. 

f,Wt{ Two recovery wells 1 RW4 and RWS <.:~~~re 7) 1 are proposed to 

~cJt( tf.n':rcept. the southeastward and- ei.st.ward trending flow of 

~+ .f~taminated groundwater. The maximum·southeastward and eastward 
1'-" 

~rU1"' . 
gradients displayed by the water level data are about 20 and 10 

feet per mile. The capture area shown in Figure 7 would be 

produced by pumping wells RW4 and RWS at average rates of 150 gpm 

and 75 gpm1 respectively. 

~ rP -~ 
~ .,_( Existing wel~ located just. north of the former sit.e, should 

· · .. J:j/ BJlrl.be pumped at 50 gpm to remove what is pres~-:ntly believed to be 
/.:) --(.!:./ r. .. 

local groundwater contami~ion. The observed contamination of 

well WlOO implies the possible.existence of surficial contaminant 

sources other than the pond south of the former site. Contamination 

of WlOO could be attributed to seepage from the adjacent pond at 

~ Water from this pond was occasionally pumped 

into storm sewers which discharge into Bass Lake. Further 

Platteville groundwater investigations should be conducted in 

these are~. . ~1.~ J I I (;}..1/~ . £, ~- ~~el-f: o1) 

_ ~~~7. Middle Drift Aquifer · 

~~~arch 3-4 and July 22-24, 1981 water level dat.a from Middle Drift 

~1~ observation wells indicate natural groundwater movement. is 

p\•*' 1.9.1!~- .y}:9enerally eastward in the area of known contamination (Figure 8). 

Qj };;·ir-3 Two west-east cross-sections including wells Wl3, Wll, W134, Wll7 
0~~ 

and Wll6 with corresponding water level data for June 6, 1981 and 
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~arch-April, 1978 were constructed by the USGS. The maximum 

eastward gradient observed from these four data sources is about 

12 feet per mile. 

Similar to the remedial plan for the Platteville, three wells are 

proposed for the withdrawal of contaminated Middle Drift groundwater. 

The first well, ~- would be pumped at an average rate of 125 gprn 

to intercept contaminated groundwater moving eastward toward the 

bedrock valley (Figure 8). A second well, RW7, located east of 

the presently known extent of contamination, would be pumped at an 

average rate of 75 gpm to capture contaminated groundwater north 

and east of the bedrock valley. Th~rd~ existing well W2 

(located next to Platteville well WlOO), would be pumped at SO gpm 

to withdraw local contamination due to the adjacent pond. The 

observed contamination of well W2 further implicates the adjacent 

pond and Bass Lak~ as possible surficial contaminant sources, as 

mentioned in the Platteville discussion. Further Middle Drift 

roundwater investigations should be conducted in these areas. 

independent alternative considered in the Middle Drift aquifer 

is the use of a pumpout well ~ea~well Wl3 to remove the most , 

heavily contaminated groundwater. A low pumping rate of 10 gpm is 

proposed for this well ·since disposal of the effluent would 

probably necessitate transport from the site. 

8. Summary 

The recovery wells and corresponding discharge rates proposed in 

the remedial aquifer pumping plans are summarized in Table 4. It 

is important to note that municipal wells proposed for recovery 
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.. Table 4 

Summary of Remedial Pumping Plans 

Aquifer Plan Well Discharge -
Middle Drift 1 RW6* 125 

RW7* 75 
W2 so 

Platteville 1 RW4~ . .,. .. 150 
RWS* 75 
WlOO 50 

St. Peter 1 RW3* 300 

Prairie du Chien- 1 SLP 10,15t (combined) 800 
Jordan Park Theater {W70) 1000 

SLP 4 800 
Old SLP 1 (Wll2) 1500 

2 SLP 10,15 (combined) 800 
Park Theater (W70) 1000 
SLP 4 800 
RWl* 800 

Mt. Simon-Hinckley 1 SLP 11 600 

2 R-W23* 300 
R-W38* 300 

3 RW2* 600 

t SLP denotes St. Louis Park municipal well 

* Proposed new well: RW denotes recovery well at new site, 
while R-W stands for recovery well at location of 
existing wells (W23 and W38). 

NOTE: Well identification (W23, W70, etc.) follows USGS 
notation as in Hult and Schoenberg (1981). 
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purposes may be pumped at greater than specified rates to meet 

municipal demands. Discharge from these wells may require 

treatment for municip~ use. t)D/\~ } 

C. Groundwater Quality Aspects ·-· 

Groundwater quality in terms of PAH concentrations is considered 

here from both short-term and long-term perspectives. Projections 

of gradient control well quality are made for an initial 20-year 

period of operation. Effects of sorption, leakage and 

contaminated soil excavation are discussed in relation to the 

. 1_3~~term prospect of "cleaning up" the groundwater contamination. 

·"'n~r-- · 
~ 1. Gradient Control Well Discharge Quality Projections 

Estimation of gradient control well discharge quality requires 

definition of the distributions of both PAH concentrations and 

groundwater travel time to the well within its area of influence. 

Areal concentration distributions in each aquifer were defined by 

constructing Thiessen polygons around wells for which PAH analyses 

were available. Groundwater in the aquifer area delineated by 

each polygon was assigned the quality indicated by the most recent 

analysis of water from the corresponding well. Quality was 

characterized for each well by "total" PAH, highest carcinogenic 

nAu ~"ghest '~other" PAH. 

~ ---------
An analytical equation defining the distribution of groundwater 

trave!Jj-mc. to a pumping well was used to construct contour lines 

of equal travel time within the area of influence of proposed 
'- ------- -- c<-------------------------------
gradient control wells. Gradient control well travel time and 
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a~uifer quality maps were combined to obtain a first estimate of 

gradient control well discharge quality through time. Initial 

20-year averages were then computed from these results. 

Gradient Control Well Discharge Quality Projected 20-Year 

the projections~ ·;The ~re~ flow-weighted 

averages are on the order of 100 ng/1, ·3,000 ng/1 and 4,000 ng/1, -
respectively, for highest carcinogenic, "other" and "total" PAH, 

with the drift pumpout well in the area of worst contamination 

excluded. The list of PAH compounds monitored in area wells has 

not been consistent nor necessarily exhaustive •. Estimates of 

"total•• PAH are thus quite tentative. In projecting gradient 

control well quality, the highest carcinogenic PAH concentrations 

for different monitored wells were treated as though representing 

the same compound even though, for example, the compound is 

chrysene in one well and benzo(a)pyrene in another. "Other" PAH 

were treated in the same way. This procedure introduces a 

conservatism into the analysis which is warranted in light of the 

data uncertainties. 

The PAH concentrations initially expected in a drift pumpout well 

are more than a million times higher than in the· 

c~. In the area of worst contamination 

Figure 8), some measured PAH concentrations exceed reported 

solubilities by several orders of magnitude. This suggests the 

possible existence of a distinct fluid zone with a predominantly 

h~dro~arbon character. _A pumpout well in this case could 

reasonabl¥ operate ~ low pumping capacity and continue until the ------ entrations decreased to levels below the reported 

solubilities. 
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'l'ABLE 5 

Gradient Control Well DisCharge Quality 
Projected 20-Year Averages 

PAil Concentrations (ns/1) 
Aquifer Plan Well Hishest care. Highest "other" ''Total" PAH 

Middle Drift 1 RW6 20Q· 1,000 2,000 

RW7 100 400 1,000 

W2** 200 so. 400 

Punpout O.Jxlo9 o.6xlo9 2.5xlo9 
(W13)** 

Platteville 1 RW4 9. 2,000 2,000 

RWS 70. 3,000 5,000 

WlOO** 30. 2,000 3,000 

St. Peter 1 H-13 30. 200 500 

Prairie dJ Olien- l SLP 200 9,000 10,000 
Jordan 10,15 

W70 30. 2,000 4,000 

SLP 4 s. 200 300 

Wll2 30. 3,000 5,000 

2 SLP 200 9,000 10,000 
10,15 

W70 30. 2,000 4,000 

SLP 4 s. 200 300 

RWl 20. 800 1,000 

Mt. Sinon- 1 SLP 11 3. so. 80. 
Hinckley 

2 R~3 ? ? ? 

R-+138 300 4,000 7,000 

3 .RW2 ? ? ? 

**Estirra.ted initial quality. 

NOI'E: See Table 4 for well identifications. 
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The gradient control well quality projections account for ~ocption 

in the Middle Drift aquifer, but otherwise do not incorporate the 

effects of dispersion, sorption or leakage between aquifers.· 

Dispersion or spreading of contaminants will occur as groundwater 

flows toward a pumping well. This spreading occurs primarily in 
"" 

the direction of flow. Peak grou.ndwater concentrations presently 

observed in an aquifer would thus be reduced along the flow path 

to a well. The net effect of dispersion would be a smoothing of 

the gradient control well concentration history._ The effects of 

sorption and leakage on gradient control well discharge quality 

are discussed in the following sections. 

••..!.'~-•" 

2. Sorption Effects 

Sorption is the process by which PAH compounds adhere to the 

aquifer matrix. This process causes a partitioning of the 

compound between the groundwater solution and sorbed matrix 

phases. The distribution of a solute between these phases may be 

represented by a partition coefficient, Kp. 

The significance of the sorption process is that it retards the 

velocity of PAH movement through an aquifer relative to the 

velocity of groundwater flow. The amount of retardation is 

directly related to the partition coefficient. The Kp values 

discussed in section III imply the rate of PAH movement in the 

Middle Drift would be retarded by factors of approximately 600 

for carcinogenic PAH and 60 for "other" PAH as compared to the 

velocity of groundwater flow. 
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No information directly concerning PAH sorption in bedrock has 

been found in tne literature. However, existing field data imply 

sorption effects are negligible in the bedrock aquifers. For 

.example, monitoring of the Pt>a·irie du Chien-Jordan aquifer has 

shown rapidly changing PAH concentrations which apparently 

from pumping stress changes, and such observations are consisten 

with very low sorption. In addition, the widespread extent of 

contamination in the Prairie du Chien-Jordan appears to be· the 

consequence of PAH transport at rates comparable to those for 

groundwater flow in the aquifer. ~ J..R.it! /;... JS'l. 

-~~Jol>~-~'~ !¥"(I' 
3. Leakage Effects .&~~ ~. fl4ff"'' p;Jn ~b-)- ___ Y . 

r-- • 1 v ~1-- &_~"'ct-~Y""" 
Existing water levels in the aquifer stf!uence indicate in all 

cases a potential for downward leakage through the separating 

confining beds, or aquitards. The groundwater quality in an 

~ Ft..c..-.r 

aquifer will be affected by the rate and quality of inflow 

received from the overlying aquifer and the time required for this 

inflow to cross the separating aquitard. The rate of leakage and 

time of travel through an aquitard are dependent on the differen~­
in hydraulic potential between the overlying and un 

a~ifers and the hydrologic characteristics of the aquitard. 

The proposed gradient control well system itself would alter------- . 

leakage rates in the contaminated area. Due to· different pumping 

rates and hydrologic characteristics in the aquifers, the proposed 

system in most cases would increase the downward leakage. As 

approximations over the area of contamination, the pumping would 

in~rease average leakage rates to the Platteville (from the Middle . ,., 
Drtft.) several-fold, to the St. Peter (from the Platteville and 
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Middle Drift) b~ercent, and to the Prairie du Ch~Jordan 

(from the St. Peter) by 25 e cent. Leakage to the deeper 
·' ·~--

aquifers would actually decrease somewhat because of the high 

pumping rates proposed in the Prairie du Chien-Jordan. 

Estimated leakage travel times through the aquitards are on the 

order of 1 to 40 years through the basal drift, 70 years through 

the Glenwood confining bed, 50 years through the basal St. Peter 

and 700 years through the St. Lawrence-Franconia and Eau Claire 

formations. These estimates assume gradient control system 

operation as previously proposed and represent fluid travel times. 

Longer travel times apply for current conditions (except through 

the St. Lawrence-Franconia-Eau Claire). Sorption in the aquitards 

could substantially slow the movement of PAH relative to the 

groundwater. 

Volumetric leakage rates in the area of contamination are 

sufficient to imply potential groundwater quality impacts in the 

bedrock aquifers. PAH have not yet leaked substantially through 

the basal drift, as evidenced south of the Republic site by very 

high concentrations in the Middle Drift (PAH >1,000,000,000 ng/1) 

and fairly low concentrations in the Platteville (PAH <100 ng/1). 

However, PAH leakage into the Platteville will eventually occur, 

and because of the very slow PAH movement in the Middle Drift due 

to sorption, it will occur over a long period. 
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'Leakage from the Middle Drift contaminated area could comprise 

10 percent or more of the pumpage from Platteville recovery 

wells. This means that at best, a 10-fold dilution of inflow from 

the Middle Drift would occur in the Platteville. Therefore, 
• 

. significant im cts in the Platteville are 

expected to result from leakage •. ~~_,,;jj,t_ J{J-t~~~ ~--

Leakage enters the St. Peter from both the Platteville, through 

the Glenwood confining bed, and the Middle Drift, through till in 

the buried valley near the Republic site. A small portion of 

St. Peter recovery well pumpage (on the order of 1 percent) would 

be leakage from the contaminated area of the Platteville. The 

Platteville leakage would.thus be diluted approximately 100-fold. 

Impact on groundwater quality in the St. Peter could be significant, 

especially under future conditions of PAH leakage into the 

'--~~~~-===~~~~~~~~---------------------­Platteville from the Middle Drift. 

There are no monitoring data to indicate whether or not Middle 

Drift groundwater contamination extends into the area of the 

buried valley. If it does, significant groundwater quality 

impacts could result in the St. Peter since Middle Drift leakage 

through the buried valley could. comprise 10 percent or more of the 

St. Peter recovery well pumpage. 

. 
. Leakage from the Middle Drift will affect successively deepe.r 

bedrock aquifers in the long term. The groundwater quality 

impacts will be lessened at greater depths due to dilution in each 

successive aquifer. 
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Groundwater quality in the Prairi~ du Chien-Jordan aquif~r could 

be significantly affected by leakage d~pending on the groundwater 

quality of the St. Peter. Leakage from the St. Peter in the area 

of contamination would represent an estimated 1 to 10 percent of 

the pumpage from Prairie du Chie~;~o~dan recovery wells. 

The Ironton-Galesville and Mt. Simon-Hinckley aquifers could be 

subject to future "slug loads" of PAH contamination by leakage. 

However, travel times of hundreds of years through the intervening 

aquitards are involved. ~4- (..o)ort/.1~ ~ k {L)I.f 
4. Soil Excavation Effects!}?'~ "f+o /f-.(~~ j)Al/ ;_, ~ 
The possible excavation of co minated soils in ~~~f~~:/f 
vicinity is discussed in That section identifies peat 

deposits at the south of continuing "sources" 

of groundwater contamination in the drift. 

Excavation of contaminated soils would be expected to yield little 

be~efit to groundwater quality~coupled with removal and 

disposal of fluid from the "source" area and the underlying Middle 

Drift. Soil excavation alone would leave fluid in~place with PAH -
- t.cw.m ~ =- /,t,"V') ''"1/t 

concentrations exceeding 1,000,000,000 ng/1. Although a substantial 

mass of PAH could be excavated with the soil, the remaining fluid 

presents a serious groundwater quality problem. Available 

information on PAH sorption implies that high PAH levels will 

persist in the Middle Drift groundwater for very long periods, 

perhaps thousands of years.- Therefore excavation as considered 

above would not be a significant benefit to the groundwater 

quality. 
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Excavation coupled with fluid removal from the "source" area and 

the underlying Middle Drift could significantly reduce the impacts 

of leakage on groundwater quality in the bedrock aquifers. This 
r--___ 

would be a benefit if it cppl d lowet Ute pea1t groundwater 

+ -----------c~ncen~rations of PAH in the Middle Drift by several orders of 

magnitude. High PAil concentrations would 

Middle Drift, and gradient control wells there would need to 

continue pumping for an indefinite period. However, by reducing 

the peak concentrations substantially, the major long-term effects 

of PAH leakage from the Middle Drift could be restricted to the 

shallower bedrock aquifers. 

Fluid removal would require one or more pumpout wells in the area 

of worst contamination in the Middle Drift as well as special 

handling of fluid encountered in excavating the shallower peat 

deposits. Disposal of the fluid would probably entail truck or 

rail transport because the extremely high PAH concentrations 

preclude treatment and disposal locally. 

It is important to note that available field data do not 

adequately define the "source" peat deposits and the zone of worst 

PAH contamination in the Middle Drift. In fact, there are no PAH 

data for the peat deposits, and the inference that they behave as 
. 

PAH "sources" is based on indirect evidence. The zone of worst 

contamination in the Middle Drift is at present defined by two 

monitoring wells (W6 and Wl3, Figure 8) showing PAH concentrations 
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exceeding solubility in water. Systematic field investigation 

must be conducted south of the Republic site to define the extent 

and nature of extreme PAH contaminat~· n prior to ~~ertak~~- !/.A 
r:;C::/ /J1 ~ ·~ 

remedial measures there. ~JO ~~· 
{()-:so ~fr ~ocr ., 

toJ> r:- h .s ,._ .f vir. . 
5. Long-Term Perspective 1 t1"- _ }¢1> '-A t'1f S:~ _ [./t'l,r~ 

The long-term prospect of ''cleaning up" the groundwater contamination 

depends primarily on hydraulic flushing times and the effects of 

sorption and leakage, The proposed gradient control wells would 

hydraulically flush the contaminated aquifer areas in an estimated 

one to three decades in most cases. Longer ·flushing times are 

estimated for the St. Peter Japproximately one century) and the 

Mt. Simon-Hinckley under pumping Plan 1 (one to two centuries). 

It appears that PAH contamination in the ~ddle Drift ~ui~r will 

require many times longer than the flushing time to clean up, due 

to sorption. Carcinogenic PAH are estimated to move 600 times 

more slowly than the groundwater in the Middle Drift. This 

implies a clean up time of many thousands of years. It is 

therefore concluded that gradient control wells in the Middle 

Drift must operate indefinitely. 

The long-term prospect for the Platteville and St. Peter aquifers 

reflects that of the Middle Drift, because of the impacts of 

leakage. Contaminated soil excavation coupled with fluid removal 

in the "source" area and the underlying Middle Drift could benefit 

these bedrock aquifers. These remedial measures could 

significantly reduce the degree of leakage impact, but the 

-49-



.. 
. . 

J .. . 

clean up times would probably remain very long.· These bedrock 

aquifers would also appear to require indefinite ~eration _9J 

gradient control wells. ~ 

The Prairie du Cbien-.Joraaa aq~_i:er could be initially cleaned 

up in a few decades, but at least minor leakage effects would 

probably continue after that time. Leak-age from the st. Peter 

reflecting that aquifer's current levels of contamination could 

imply significant impacts in the Prairie du Chien-Jordan for a 

century or more. These impacts appear to be of sufficient 

magnitude to preclude potable use without treatment of groundwater 

from some areas of the Prairie du Chien-Jordan. 

The deeper ~t. Simon-Hinckley and Ironton-Galesville aquifers 

could also be cleaned up initially in a relatively short time. 

These aquifers will probably experience significant "slug loads" 

of contaminated leakage after a few centuries. 

D. Monitoring and Supplemental Control 

The proposed monitoring plan is designed to insure effective 

control and removal of groundwater contamination by the gradient 

control well system. Additional monitoring of municipal and 

gradient control well discharge will be required to determine its 

suitability for municipal use or disposal ·to sanitary or storm 

sewers. The monitoring frequency and quality criteria for 

municipal use would be determined by the Minnesota Department of 

Health. Monitoring of discharge to sanitary or storm sewers would 

be in compliance with Metropolitan Waste Control Commission and 

National Pollutant Discharge Elimination System requirements. 
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Monitoring of the Mt. Simon-Hinckley aquifer would consist of 

municipal and recovery well discharge quality monitorin9. Water 

levels in existing Mt. Simon-Hinckley wells in the area should 

also be monitored to insure flow is conver~ent to the recovery 

well(s) in this aquifer. 

The proposed groundwater monitoring plan for the Middle Drift, 

Platteville, St. Peter and Prairie du Chien-Jordan aquifers would 

require installation of new monitoring wells. The locations of 

proposed new monitoring wells and existing wells in each aquifer 

are shown in Figures 4 through 8. All of these wells would be 

monitored for water level and PAH concentrations during operation 

of the gradient control well system. Monitoring should be 

conducted by aquifer, with all water level measurements and 

samples from wells in the same aquifer obtained during the course 

of a few days. The monitoring data would be used to periodically 

construct maps defining groundwater flow and quality in each 

aquifer. The.resulting descriptions of contaminant movement in 

each aquifer would provide an indication of the gradient control 

well system effectiveness. 

Monitoring and control of groundwater use in the St. Louis Park 

area is also essential to effective gradient control well system 

performance. This pertains particularly to the Prairie du Chien­

Jordan and St. Peter aquifers. The gradient control well system 

was designed for flow conditions existing under present use of 

these aquifers. The addition or removal of pumping stresses in 

these aquifers may change the flow pattern depending on the 

location and magnitude of the stress. The proposed monitoring 
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plan would allow observation of the aquifer response to tht:H:>t: 

changes in groundwater use. In general, groundwater pumping 

inside areas of observed contamination is favorable, but would 

require quality monitoring. Control of groundwater use outside 

these areas may be necessary if it adversely affects the flow of 
·-·- .·· 

contaminated groundwater. 

The gradient control well system must be flexible. Adjustment of 

pumping rates or installation of additional gradient control and 

monitoring wells may be necessary due to unforseen changes in flow 

patterns or the discovery of new zones of contamination. Successful 

implementation of the system would require the oversight of a 

designated operator or operating agency. The operator's 

responsibilities would include compilation and interpretation of 

onitoring data, documentation and control of water use, and 

prescription of necessary gradient control well system modifications. 

E. Secondary Impacts 

Contaminated groundwater flowing toward gradient control or 

recovery wells may enter previously uncontaminated aquifer area~. 

This would preclude unmonitored use of groundwater at any location 

between gradient control wells and zones of observed contamination 

in an aquifer. Present or future non-municipal groundwater use in 

these areas would require quality monitoring and appropriate 

controls. Other impacts on non-municipal users in the St. Louis 

Park area may include restriction of water use if it is 
~... I 

detrimental to the gradient control well system effectiveness, and 

lowering of water levels from gradient control well pumping. 
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L~d subsiden~ue ~~sed gradient control well pu~ing is 

-;xpected to b n~glfgib:e· This is attributed to the structural 

integrity of the bedrock and the non-excessive proposed discharge 

• 
rates. Large groundwater withdrawal from the Middle Drift or 

overlying peat deposits near th~ _pond south of the former site 

could result in compaction of the peat. 

Implementation of the gradient control well system would require 

acquisition of land for the emplacement of.new monitoring and 

pumping wells. Additional land may be required for possible 

treatment facilities and pipelines routing gradient control well 

discharge to sewer systems. 
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VI. DISPOSITION OF GRADIENT CONTROL WELL DISCHARGE 

The gradient control wells proposed to remedy the st. Louis Park 

groundwater contamination problem are shown in~r~ Gradient 

control well discharge quantities and quality are presented in 

~ 49 Section V. F9t::cthe purpose of evaluating 

disposit1on alternatives, it is assumed that Plan 1 for the 

Mt. Simon-Hinckley and Plan 2 for the Prairie du Chien-Jordan 

are incorporated into the gradient control well system. The 

system would have a combined discharge of approximately 4,800 

gallons per minute (gpm). Several alternatives for the ultimate 

disposition of water discharged from gradient control wells have 

been addressed. 

The analysis of ultimate disposition alternatives is based on the 

PAH criteria discussed in section III. However, in the case of 

the Mississippi River and other surface waters the criteria 

corresponding to a very high rate of fish consumption are not 

considered here. These criteria, if applicable, would generally 

imply treatment requirements beyond those for potable use. 

Dilution in the Mississippi River assumes low flow values of 1,138 

and 1,633 cubic feet per second (cfs), respectively, in Minneapolis 

and in St. Paul, and 175 million gallons daily (271 cfs) for the 

Metropolitan Wastewater Treatment Plant at Pig•s Eye (Minnesota 

Pollution Control Agency, 1981). No dilution is allowed for in 
.. -

Min~ehaha Creek, an intermittent stream,~ in the Minneapolis 

Chain of Lakes, which is tributary to the Creek. 
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In the following, the disposition alternatives are discussed and 

three feasible disposition schemes are defined. Further 

information is then presented on granular activated carbon 

treatment technology. Appendices B ("Alternatives for Ultimate 

Disposition of Gradient Control Well Discharge"), C ("Collection 

and Treatment of gradient Control Well Discharge") and D 

("Supplemental Testing, Bench Scale and Pilot Test Programs") 

include more detailed information on these topics. 

A. Alternatives for Ultimate Disposition 

Water discharged from gradient control wells could be used for 

potable or other beneficial purposes or be discharged into locally 

or regionally draining surface waters. If used for potable 

~rposes, the City of St. Louis Park would be the logical user. 

Otherwise, the alternative discharge points are the sanitary 
) 

sewer, Mississippi River, Minneapolis Chain of Lakes and Minnehaha -----Creek. ----
It should be noted that existing industrial and commercial use of 

contaminated ground·~ater in the area is beneficial from the 

viewpoint of gradient control. Such water use could be part of an 

overall gradient control scheme. To this end, the State of 

Minnesota might appropriately give special consideration to the 

ultimate disposal of such water. This report, however, considers 

only the discharge of proposed gradient control wells. 

For a pumpout well in the most contaminated portion of the drift, 

none of the disposal alternatives considered is feasible under any 

of the possible PAH criteria, due to unattainably high treatment 
..... 
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requirements. Therefore, if a drift pu~out webl or w~ll~ w~r~ to -be implemented in the most contaminated zone, some other means of 

disposal would be required, perhaps entailing transport by rail or 

tank truck. 

------------
A brief discussion of each alternat~ve use or disposition point 

·-·--·· 

follows. -The discussion excludes a drift pumpout well in the most 

contaminated zone but includes all other gradient control wells. 

1. Municipal Water Supply 

Using the gradient control well discharge for municipal water 

supply arises as a natural idea because several municipal wells 

have been closed due to PAH contamination, and the City of St. 

Louis Park has investigated treatment methods aimed at putting 

closed wells back into use. The use of one or more of the 

presently contaminated City wells as gradient control wells would 

eliminate the need to construct new wells. The discontinued use 

of St. Louis Park wells 4, 5, 7, 9, 10 and 15 has reduced the Cit 

w~ll capacity by approximately 30 percent. Therefore, the use of 

gradient control wells for municipal purposes would be helpful in 

meeting St. Louis Park water demands in addition to controlling 

groundwater movement. 

The best information available indicates that gradient control 

well effluent could, with the best technology available, be 

treated for municipal water supply use. The estimated treatment 

requirements are 95 percent PAH removal for carcinogenic compounds 

and 99 percent for "other 11 PAH. These percentages are based on 

the total discharge from all wells (again, except for a drift pumpout 

well). Treatment requirements would, of course, vary from well to well . 

• 
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2. Sanitary Sewer 

Contaminated effluent from gradient control wells could be 

discharged directly into the existing-sanitary sewer system • ......__ c::::::: - ., 
Discharging into sanitary sewers in St. Louis Park ultimately 

results in discharge to the Mississippi River via the Metropolitan 
--~--·· 

Wastewater Treatment Plant at Pig's Eye. The Mississippi River 

provides the greatest dilution available in the Twin Cities area 

because it is the regional drairtageway for surface and ground 

waters. 

Two major trunk sewers serve the City •. One trunk line basically 

serves the northern third of St. Louis Park in an area generally 

north of the Burlington Northern Railroad. This trunk runs from 

west to east and discharges into the City of Mi~neapolis system in 

the vicinity of France Avenue. and the Burlington Northern 

Railroad. 

Another major trunk sewer serves the remaining portion of 

St. Louis Park and runs in a general west to east direction. This 

trunk follows Wooddale Avenue southeast to 40th Street and 

northeast to the corner of France Avenue and West 39th Street. 

At this point the trunk discharges into the City of Minneapolis 

system. 

The surface water criteria considered here~ at gradient 
~~ 

control wells could be discharged without treatment to sanitary 

sewers. rt:/ ~ ~~-~,.: fCTIJ. 

.· ~. 
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3. Mississippi River 

Discharge to the Mississippi River could be accomplished via 

storm sewers in Minneapol~. This would require pumping the well --effluent some distance through force mains in order to connect 

with major storm drains in Minn~apolis. 

Several discharge points are possible via a force main to existing 

storm sewers serving Minneapolis. It appears that a force main 

could be constructed along the Burlington Northern Railroad 

right-of-way eastward into the City of Minneapolis to any one of 

several large storm sewers which discharge to the Mississippi 

River. 

Another possible route is a force main along the Chicago, 

Milwaukee, St. Paul and Pacific Railroad right-of-way eastward 

into Minneapolis to another large storm sewer which discharges 

into the Mississippi River. 

Discharge of all gradient control wells directly to the 

Mississippi River would require minimal or no treatment. Whether 
. . 

any treatment would be required, and to what degree 1r-±t is, 

depends on the particular criteria adopted. 

4. Minneapolis Chain of Lakes 

Discharge of gradient control wells to the Minneapolis Chain of 

Lakes system is feasible at several points. There are seven major 

storm sewers which presently originate 1n st. Louis Park and 

discharge into the lakes. 
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The effluent PAH criteria for this 
· !l1tMo 

disposal alternative ~su~l the 

corresponding surface water criteria, because no allowance fvr 

dilution is made. The criteria considered imply treatment requirements 

5. Minnehaha Creek ,.;tl~ 
Water pumped from gradient control wells could be discharged into 

Minnehaha Creek, either directly or via existing storm sewers 

serving St. Louis Park. There are several storm sewers which 

presently discharge into Minnehaha Creek that could be utilized 

depending on the .location of the gradient control wells. The 

treatment requirements for this alternative are exactly as for the 

Minneapolis Chain of Lakes alternative. 

5 
B. Disposition Schemes 

From the above discussion, three disposition alternatives stand ., 

out as preferable. These ar:~reatment for municipal water 

supply~discharge to sanitary.sewer an~discharge directly to the 

Mississippi River. Various combinations of these have been 

considered from the viewpoint of feasibility and cost. Three 

disposition schemes are presented here. 

Scheme A - Treat four wells (2,200 gpm) for St. Louis 

Park municipal water supplyr disaharge nine wells 

(2,625 gpm) to sanitary sewer. 

Scheme B - Treat four wells (2,200 gpm) for St. Louis 

Park municipal water supply: discharge five wells 

(450 gpm) to sanitary sewer: discharge four wells 

(2,175 gpm) to the Mississippi River. 
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Scheme c - Discharge all wells (4,825 gpm) to the 

Mississippi River. 

Table 6 shows the disposition of each well's effluent under the 

above schemes. 

Scheme A 

Scheme B 

Scheme c 

·-- . 

TABLE 6 

Disposition Schemes for 
Gradient Control Well Discharge 

Treat for 
Municipal Discharge to Discharge to 

Water SUEEl:z!: Sanitar:l Sewer MississieEi River 

SLP 4 

SLP 10 

SLP 11 

SLP 15 

SLP 4 

SLP 10 

SLP 11 

SLP 15 

None 

RWl 

RW3 

RW4 

RW5 

RW6 

RW4 

RW6 

RW7 

W2 

WlOO 

None 

RW7 None 

W2 

W70 

WlOO 

RWl 

RW3 

RWS 

W70 

All Wells 

Schemes A and B utilize four municipal wells for water supply and 

gradient control. This entails treatment of the well effluent, as 

discussed in the following subsection. 
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Schemes B and c include discharge to the Mississippi River. A 

system of collecting pipes, with a force main for conveying 

effluent to major storm drains in Minneapolis, is required for 

this purpose. Figures 10 and 11 show schematic flow diagrams for 

the systems required in schemes .. B.~nd C, respectively. 

c. Granular Activated Carbon Technology 

As discussed in Section III, granular activated carbon appears to 

be the best available treatment method for PAH removal from 

gradient control well discharge. A preliminary pilot plant study 

indicates that this technique can achieve. 99 percent removal of 

PAH compounds. The Minnesota Department of Health and Minnesota 

~- Pollution Control Agency are planning additional studies of 

~ ~tivated carbon treatment in connection with the St. Louis Park 

~?groundwater contamination. Information on granular activated 

z-J' carbon (GAC) treatment technology follows. 

1. GAC System Components 

Systems utilizing granular activated 

general, they.provide for 1) contact 

carbon are rather~. 
between the carbon and the 

In 

water to be treated for the length of time required to obtain the 

necessary removal of organics, 2) reactivation or replacement of 

spent carbon, and 3) transport of makeup or reactivated carbon 

into the contactors and of spent carbon from the contactors to 

reactivation or hauling facilities. 
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2. Selecting Carbon and Plant Design Criteria 

Laboratory and pilot plant tests are a mandatory prelude to carbon 

selection and plant design for water treatment projects. Pilot 

column tests make it possible to 1) select the best carbon for the 

specific purpose based on perfo~~nce, 2) determine the required 

contact time, 3) establish the required carbon dosage, which, 

together with laboratory tests of reactivation, will determine the 

capacity of the carbon reactivation furnace or the necessary 

carbon replacement costs, and 4) determine the effects of influent 

water quality variations on plant operation. 

One of the principal differences in GAC treatment between water 

and wastewater is the more frequent reactivation required in water 

purification due t.o earlier breakthrough of the organics of 

concern. In wastewater treatment, GAC may be expected to adsorb 

0.30 to 0.55 pounds of organics per pound of carbon before the 

carbon is exhausted. From the limited amount of data available 

fr.om research studies and pilot plant test (most of it unpublished), 

it appears that some organics of concern in water treatment may 

break through at carbon loadings as low as 0.15 to 0.25 pounds of 

organic per pound of carbon. The actual allowable carbon loading 

or carbon dosage for a given case must be determined from pilot 

plant tests. 

Because the organics adsorbed from water are generally more 

volatile than those adsorbed from wastewater, the increased 

reactivation frequency due to lighter carbon loading may be 

partially offset, or more than offset, b¥ the reduced reactivation 

requirements of the more volatile organics. The times and 
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temperatures required for reactivation may be reduced due to both 

the greater volatility and to the lighter loading of organics in 

the carbon. 

From the limited experimental investigations to date, it appears 

that reactivation temperatures may be reduced from the 1,650° to 

1,7so• F required for wastewater carbons to about l,Soo•F for 

water purification carbons. The shorter reactivation times 

required for water purification carbons may allow the number of 

hearths in a multiple hearth reactivation furnace to be reduced. 

Also, less fuel may be required for reactivation. These factors 

must be determined on a case-by-case basis. 

3. GAC Contactors 

Selection of the type of carbon contactor to be used for a 

particular water treatment plant generally would be made from 

three type~ of downflow vessels: 

1. Deep-bed, factory-fabricated, steel pressure vessels of 

12-foot maximum diameter. These vessels might be used over 

range of carbon volumes from 2,000 to 50,000 cubic feet. 

2. Shallow-bed, reinforced concrete, gravity filter-type boxes. 

These may .be used for carbon volumes ranging from 1, 000 to ( 

200,000 cubic feet~. Shallow beds probably will be used only 

when long service cycles between carbon regenerations can be 

expected, based on pilot plant test results. 

3. Deep-bed, site-fabricated, large (20 to 30 feet) diameter, 

open steel, grav~ty tanks. These may be used for carbon 

volumes ranging from 6,000 to 200,000 cubic.feet, or larger. 
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Single beds or two beds in series may be used. Open gravity beds 

or closed pressure vessels may be used. Structures may be 

properly protected steel or reinforced concrete. In general, 

small plants will use steel, and large plants may use steel or 

reinforced concrete. 

In some instances where GAC has been used in existing water 

filtration plants, sand in rapid filters has been replaced with 

GAC. In situations where GAC regeneration or replacement cycles 

are exceptionally long (several months or years), as may be the 

case in taste and odor removal, this may be a solution. However, 

with the short cycles anticipated for most organics, conventional 

concrete box style filter beds are not well suited to GAC ·contact. 

For most, if not .all, GAC installations fer precursor organic ~~\ 
removal, or synthetic organic removal, the use of conventional 

filter boxes will not be a permanent solution and specially ~ ~ 

designed GAC contactors should be installed. '1; 
~ 

Substantial cost savings can be realized in GAC treatment of water 

through proper selection and design of the carbon contactors. A 

typical deep-bed, steel pressure GAC contactor installation is 

illustrated in Figure 12. 

4. GAC Reactivation or Replacement 

Spent carbon may be removed from contactors and replaced with 

virgin carbon, or it may be reactivated either on-site or off-site. 

The most economical procedure depends on the quantities of GAC 

involved. For larger volumes, on-site reactivation is the answer. 

Only for small quantities of carbon will carbon replacement or 

off-site reactivation be economical. 
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carbon .may be thermally reactivated to very near virgin activity. 

However, carbon burning losses may be excessive under these 

conditions. Experience in industrial and wastewater treatment 

indicates that carbon losses can be minimized (held to 8 to 10 

percent per cycle) if the GAC activity of reactivated carbon as 

indicated by the Iodine Number,·- fa held at about 90 percent of the 

virgin activity. 

5. Thermal Reactivation Equipment 

GAC may be reactivated in a multiple-hearth furnace, a fluidized 

bed furnace, a rotary kiln, or an electric infrared furnace. 

Spent GAC is drained dry in a screen-equipped tank (40 percent 

moisture content) or in a dewatering screw (40 to 50 percent 

moisture) before introduction to the reactivated furnace. 

Oewatered carbon is usually transported by a screw conveyor. 

Following thermal reactivatin, the GAC is cooled in a quench tank. 

The water-carbon slurry may then be transported by means of 

diaphra9m slurry pumps, eductors or a blow-tank. The reactivated 

carbon may contain fines produced during conveyance, and these 

fines should be removed in a wash tank or in the contactor. 

Maximum furnace temperatures and time of retention in the furnace 

are determined by the amount (pounds of organics per pound of 

carbon) and nature of the organics adsorbed. Off-gases from 

regeneration of PAH-laden carbon would probably require additional 

high temperature-treatment to prevent harmful PAH emissions to the 

atmosphere. 
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-. VII. CONTAMINATED SOILS MANAGEMENT 

This section discusses the extent of soil contamination and 

alternatives for managing the contaminated soil. A more detailed 

discussion appears in Appendix E also entitled "Contaminated 

Soils Management." 

A. Extent of Contamination 

on and near the Republic site, soil (taken to include all 

unconsolidated material overlying the bedrock) comprises 

near-surface peat deposits and/~r fill throughout much of the 

area, with the underlying material consisting predominantly of 

s·and with clay layers. Monitoring of groundwater and soil in the 

vicinity of the site indicates contamination of the soil with 

creosote-related compounds. The primary indicators of 

contamination are considered to be polynuclear aromatic 

hydrocarbons (PAH). 

In section III it is suggested that PAH criteria for soil be 

derived from groundwater .criteria by means of a ''sorption factor," 

or partition coefficient. On this basis, the soil is contaminated 

(i.e., violates the criteria) wherever the groundwater is 

III are 2.8 ng/1 for groundwater and 

~~~~~~eundwater PAH data from various sources are mapped on 

Contamination in Vicinity of Former Republic 

Data shown are benzo(a)pyrene concentrations in 

units equivalent to parts per trillion for both soil and 

groundwater. Benzo(a)pyrene was chosen as an indicator because 

its data are most extensive and it is 
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Figure 13 shows soil contamination at locations north and sout 

and as far as one mile east of the site, as well as on the sit 

itself. The extent of contamination· is not fully defined becc: 

nearly all the existing monitored locations exhibit elevated 

benzo(a)pyrene levels. Whether or not contamination is contir 
.... .,..- .. 

between monitored points is not known. Evidence exists for lc 

sources of PAH separate from the Republic site itself, at 36tt 

Wooddale and near 31st Street and Oregon Avenue. It appears \ 

unlikely that PAH contaminants have migrated from the site to 

either of these two locations by way of groundwater flow. Th~ 

there may be several separate zones of contamination in the sc 

at the south of the site 

groundwater contamination. 

Although there are available for the peat, liquid 

waste disposal into peat bog areas south of the site was 

documented as early as 1938 and still occurred in the final 

of plant operation. In addition, investigators have found t 

sorption in a variety of soils is proportional to organic c2 

content. On this basis, sorption in the peat deposits is 

one or more orders of magnitude greater than in th 

drift underlying the peat. These considerations implicate 

peat deposits as highly contaminated zones which may contir 

act as sources of groundwater contamination. 

~on or treat~oils in the Republic site ' 

is to be implemented to remedy contamination, then highly 

contaminated peat deposits are the logical soils to manag• 

peat deposits south of the site extend to a maximum depth 

.. 
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approximate some lcoations between Highway 7 and Lake 

Street. A north of Highway 7 indicate shallower peat 

deposits there. As an approximate gross estimate, the peat 

deposits at the south of the site are considered to cover 15 acres 

with an average depth between 15 and 20 feet. The estimated 

~volume is approximately 400~~ds. ~~ ~~ 
Definition of ~a:!! ~ttern::n£~ ? 
in the peat deposits, and of the extent of the peat, will require 

systematic field investigations. 

a. Soil Management Alternatives 

The following alternatives for managing contaminated soil have 

been considered. 

No Action 

Capping 

Solidification 

~xation/Stabilizatio~ 
Secure Landfill 

Encapsulation or Containerization 
with Landfill 

Land Spreading 

Resource Recovery As-Is 

Modification and 
Resource Recovery 

Warehousing 

Admixing 

Incineration 

valuates each of these alternatives. ·Four methods 

consideration and are described below. 

:~ 
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1. Capping 

This action leaves the contaminated soil in place and covers 

the area of contamination with compact clay or other impermeable 

cover. The impermeable cap serves to minimize infiltration of 

precipitation. The site under __ t.~_s. _option would also be graded in 

order to minimize surface runoff impacts and further reduce 

opportunities for infiltration. 

Capping by itself is not a complete, long-term solution for 

The secure landfill alternative entails excavating the 

contaminated soil in a non-consolidated form and transporting it 

to a secure facility. A secure landfill is an ultimate disposal 

site specifically designed to contain hazardous wastes and 

minimize environmental contamination. A secure landfill generally 

has impermeable lining and a leachate collection system, surface 

runoff diversion and an ultimate c!osure plan. A properly 

designed facility also includes facilities for groundwater and 

surface water monitoring ·and evaluation. Excavation of soils from 

the Republic site vicinity would also entail backfilling with 

clean fill, such as washed sand. The excavation would be .wet, and 

the fluid encountered would likely require truck or rail transport 

to an ultimate disposal site. 
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A realistic time for the finding of a disposal site for the 

contaminated material is between five and seven years. Thus~ if 

excavation and landfilling are to proceed, some additional interim 

measures would be appropriate at the site. 

3. Land Spreading 

Land spreading, sometimes called land farming, land treatment or 

soil incorporation, is the controlled disposal of wastes in the 

surface soil accompanied by continuing monitoring and management 

of the disposal site. This technique often includes crop 

cultivation on the disposal site. The land spreading alternative 

requires excavating the contaminated soil in the Republic site 

vicinity and transporting it to a designated disposal site. 

Land spreading appears to have potential as an effective means of --=----------
ultimate disposal for.PAH-contaminated soils. It is recommended 

that further information specific to land spreading of 

PAH-contaminated soils in the Minnesota climatic region be 

sought. Because several years may be needed to select and acquire 

a disposal site, interim measures in the Republic site vicinity 

~-----------------------------·would also be appropriate. 

4. Incineration 

Incineration is recognized as a viable disposal technique for ·-organic hazardous wastes. Under controlled conditions, many 

organic wastes can be incinerated, producing inert ash and stable 

oxide forms of the major elemental constituents. This alternative 

entails excavation of the contaminated soils~ 
'"'-
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It appears from preliminary evaluation that incineration may 

be a viable option.- It is re~ommended that the contaminated soil 

be tested further to examine its combustibility and evaluate the 

byproducts of combustion. An incinerator for this purpose would 

probably not be available for several years. Thus interim 
···~···· .... 

measures in the Republic site vicinity would also be appropriate. 

c. Discussion 

Three of the selected alternatives entail e~cavating the 

contaminated soil. As discussed in section V, excavation of 

contaminated soils by itself would be expected to yield little 

benefit to groundwater quality. However, excavation coupled 

with fluid removal from the "source" area and the underlying 

Middle Drift could significantly reduce the impacts of leakage on 

groundwater quality in the bedrock aquifers. Fluid removal would 

require pumpout wells in the Middle Drift and special handling of 

fluid encountered in the excavation. Disposal of the fluid would 

probably entail truck or rail transport. 

Capping of the wetland "source" area is recommended as an 

immediate remedial measure. This is because facilities for 

contaminated soil disposal (secure landfill, land spreading site, 

or incinerator) and fluid disposal are not available at present. 

Capping would reduce groundwater quality impacts and would prevent 

direct human contact with contaminated soils. 

In addition, it is recommended that the Minnesota Department of 

Health, Minnesota Pollution Control Agency and City of St. Louis 

Park pursue further the feasibility of the three disposal modes 
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·.~or~~ excavation alternatives. The above ayencies should 

communicate with the Minnesota Waste Management Board, which is 

responsible for siting and developing design constraints for a 

secure landfill and hazardous waste·processing facility in the 

State. Land spreading and incineration data specific to the 

locale and contaminated soil characte~istics should also be 

obtained. A systematic field investigation to determine the 

extent and degree of contamination of the peat soils at the south 

of the Republic site is required as part of the implementation of 

any of the alternatives. 
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VIII. EXPENSE ESTIMATES 

Expense estimates for the gradient control wells, collection and 

treatment of the well discharge, and contaminated soils management 

are presented in Tables 7-12. The estimates have been prepared to 

reflect January 1, 1982 expenses by developing January 1, 1981 
.... .--.. ·· ----------------~ 

estimates and increasing these by a ten percent inflation factor. 
~ 

Expenses have not been estimated for fluid disposal from 

excavation of the "source" peat or from a pumpout well in the most 

contaminated area of the Middle Drift aquifer. Monitoring, legal 

and administrative expenses are also not included in the estimates 

presented here. Specific assumptions and unit costs are detailed 

in Appendices C, "Collection and Treatment of Gradient Control 

Well Discharge," and E, "Contaminated Soils Management." 

A. Detailed Expense Estimates 

Table 7 presents annual operation and maintenance expense 

estimates for the gradient control wells. The following 

assumptions have been made here: 

Normal Pumping Levels (feet) 

Mt. Simon-Hinckley 
Prairie du Chien-Jordan 
St. Peter 
Platteville 
Middle Drift 

375 feet 
175 feet 
110 feet 

35 feet 
40 feet 

Well Discharge.Head - 150 feet ~~~ 
Power Costs - $0.05 per kilowatt-hour 

Overall Pump-Motor Efficiency - 70 percent 

Labor - $15.00 per hour 

The estimates do not include any major maintenance expenses. 

~abor expenses are based on one-half hour per well per day. 
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Estimated 

Aquifer Plan2 

Middle Drift 1 

Platteville 1 

St. Peter 1 

Prairie du Chien- 1 
Jordan 2 

Mt. Simon-Hinckley 1 
2 
3 

TABLE 7 

Annual Operation and Maintenance Expenses for 
Gradient Control Wells 

Power Expenses Normal . 
Pumping Energyl Maintenance Labor 

$ 5,800 $1,500 $ 200 ~ &,200 

$ 6,000 $1,500 $ 200 $ 8,200 

$ 9,800 $ 500 $ 300 $ 2,700 

$157,000 .$1,000 $4,800 $14,000 
$130,000 $1,000 $4,000 $14,000 

$ 20,000 $ 0 $ 600 $ 2,800 
$ 20,000 $ 500 $ 600 $ 5,500 
$ 20,000 $ 500 $ 600 $ 2,800 

.. 

Total 

~ 15,900 

~ ):3,300 

~17b,b0(J 

~149,000 --·--· 

~-~3,400_ 
~ 2b,b(J(J 
~ 23,900 

lueating and cooling costs for pump house(s). Existing St. Louis Park wells not included. 

2aefer to Table 4 for summary of remedial pumping plans. 

NOTE: Monitoring, legal and administrative expenses are not included. 

. . . ... . 



Aquifer 

Middle Drift 

Platteville 

St. Peter 

Prairie du Chien­
Jordan 

TABLE 8 

Collection and Treatment Expense Estimates 
Scheme A 

Estimated Capital Expense 
Well, Pump, Motor, 

Treatment Plant Force Main, etc. 

0 

0 

0 

$3,000,000 

$ 52,000 

$ 46,000 

$123,000 

$311,000 

Annual Operation(!) 
and Maintenance Expenses 

$ 13,000 

$ 14,000 

$ 8,500 

$369,000 

1 
Mt. Simon-Hinckley 

CD 

$1,550,000* 0 $193,000 

$597,500 0 
I TOTAL $4,550,000 $532,000 

* Not required immediately. 

(1) Includes: Pumping costs, heating costs, normal maintenance and labor costs 
to operate gradient control wells • 

• 
NOTE: ·Monitoring, legal and administrative expenses are not included. 

. . 

Annual 
Sewer bervice 

Char~e 

~ ~9,000 

~107,000 \ 

$5&b,OOCJ l 
7+f ___ u ~ 

$&&4,0CJ(J 
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TABLE 9 

Collection and Treatment Expense Estimates 
Scheme B 

Estimated Ca,eital Ex,eense 
Well, Pump, Motor, Annual Operation(!) 

Aquifer Treatment Plant Force Main, and Maintenance Ex,eenses etc. 

Middle Drift 0 $ 52,000 $ 13,000 

Platteville 0 $ 79,000 $ 16,000 

St. Peter 0 $ 156,000 ~ 10,000 

Prairie du Chien- $3,QOO,QOO $ 843,000 ~376,000 

Jordan 

Mt. Simon-Hinckley $1,550,000* 0 ~193,000 

TOTAL $4,550,000 $1,130,000 $608,000 

* Not required immediately. 

(1) Includes: Pumping costs, heating costs, normal maintenance and labor costs 
to operate gradient control wells. 

NOTE: Monitoring, legal and administrative expenses are not included. 

' . ~ 

·. 

Annual 
Sewer ~ervice 

Char~e 

~ ~(J,(J(J(J 

~ 73,(J(J(J 

(J 

(J 

(J 

~163,(J(JlJ 



Aquifer 

Middle Drift 

Platteville 

St. Peter 

Prairie du Chien­
Jordan 

TABLE 10 

Collection and Treatment Expense Estimates 
Scheme C 

Estimated Capital Expense 
Well, Pump, Motor, 

Treatment Plant Force Main, etc. 

0 

0 

0 $4,600,000 

0 

Annual Operation(!) 
and Maintenance Expenses 

$ 18,000 

$ 19,000 

$ 14,000 

$182,000 

I 
-m Mt. Simon-Hinckley 

"' 
0 $ 26,000 

I . 
TOTAL $4,600,000 0 

'~ 

$259,000 

(1) Includes: Pumping costs, heating costs, normal maintenance and labor costs 
to operate gradient control wells. 

NOTEa Monitoring, legal and administrative expenses are not included. 

. . .. 

Annual 
Sewer bervic~ 

Char~e 

\. 
(J ~ ~ ~ 

~ '-'-j 
() . 'l'>i<::~ 

0 \ ~ . ~ 
,,~ 

() ~-
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TABLE 11 

Soil Management Expense Estimates 

Alternative 

1. Capping 

2. Secure Landfill 
(Germantown, Wisconsin Site) 

a. 
b. 
c. 

Excavation(!) 
Backfill(2) 
Transportation to Site 

Secure Landfill 
(New Site) 

a. Excavation(!) 
b. Backfill ( 2) 
c. Landfill Construction 

and Transportation 

3. Land Spreading 

a. 
b. 
c. 
d. 
e. 

Land Purchase 
ExcavatiQn(l) 
Backfill<2) 
Transportation 
Cultivation 

4. Incineration 

a. Excavation(!) 
b. Backfill(2) 
c. Incinerator 
d. Operation and 

Maintenance 

... ~--·· 

Itemized 
Expense 

Total 
Expense 

$ 1,500,000 

$18,100,000(3) 

~). l_ 
$ 21 1001 000 ;Jj."fl;. '1 
$ 4, 000, 000__./ 
$12,000,000 

$15,100,000 

$ 2,100,000 
$ 4, 0001 000 f? ./J.- /) 
$ 9, 000, 000 ..fN'(J"" "tl)'rl# ~. 

$ 1,500,000 
$ 2,100,000 

$12,000,000 

$ 4, 000,000 tJ /} 7 
$ 3, 700,000 -f.r£Tp t:W-~ ' 

$ 700,000 

$ 2,100,000 
$ 4,000,000 
$20,000,000 
$25,000,000 

$56,100,000 

(!)Excavation of contaminated soil at former Republic Creosoting 
site. 

(2)Backfilling of (1) above. 

(3)Does not include landfill fee which _would be charged to disposer. 

NOTE: Monitoring, legal and administrative expenses are not included. 
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r~t'l a·..:al maintenance expenses are based on an annual expenditure of 

c; percent of the cost of the well pump· and motor, which is 

c~timated at $200 per horsepower. 
' 

Capital costs for gradient control we.lls are included in the 

collection and treatment estima~~~~low. 

Tables 8, 9 and 10 present estimated expenses for collection and 

treatment Schemes A, B and C, respectively. These estimates were 

developed on th at remedial Plan 1 in the Mt. Simon-

Hinckley and in the Prairie du Chien-Jordan would 

be implemented. The tables show both capital and annual expenses, 

which are exclusive of the annual expenses in Table 7. It is 

apparent from Tables 8, 9 and 10 that discharge of gradient 

control wells into the sanitary sewer incur~ substantial expense 

due to the sewer service charge which would be levied by the 

Jlo1etropolitan Waste Control Commission. 

Table 11 gives expense estimates for managing contaminated soils 

on and near the former Republic Creosoting site. 

B. Summary of Expense Estimates 

A summary of expense estimates for remedial measures appears in 

Table 12. For the selected combination of remedial actions, 

the total estimated capital expenses are approximately seven 

million dollars, with additional annual expenses of one million 

dollars. Other combinations yield different totals. In 

particular, removal of contaminatd soils ·(alternatives 2, 3 or 4) 

~ould incur substantially greater expense. than is reflected in 

Table 12. 
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TABLE 12 

Selected Remedial Measures Expense Summary* 

Capital Expense Annual Expense 

Gradient Control Wells 
Operation and Maintenance 

0 $217,000 

(with Plan 1 in _
1 

M t. Simon-Hinckley and Xf-1.:. 

Plan 2 in Prairie du Chien­
Jordan) 

. 0 \"~,\ 
Collection and Treatment~Lr,8 $5,680,000 $771,000 
(Scheme B) ,.,- T 

Contaminated Soil Management 
{Interim Capping) 

$1,500,000 0 

TOTAL $7,180,000 $988,000 

*Total expenses would differ for combinations of remedial 
actions other than those shown here. Not included here are 
removal of the "source" fluid in the Middle Drift and 
excavation of the overlying peat and associated fluid. 

NOTE: Monitoring, legal and administrative expenses are not 
included. 
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IX. CONCLUSIONS 

The following conclusions have been developed from this study. · 

Description of Problem 

1. Polynuclear aromatic hydrocarbons (PAH) are present in 

St. Louis Park groundwater in-:-all aquifers from the surficial 

glacial drift to the Ironton-Galesville. The presence of PAH 

in the Mt. Simon-Hinckley ~uifer at a dept? of approximately -1,000 feet is inferred from available hydrogeologic 

information. 

2. The concentrations of PAH observed in groundwater samples 

e1l_ceed the proposed criteria ~r __ potable us,e in at least one 

well in~quifer, except for the Mt. Simon-Hinckley 

aquifer, which has not been extensively tested. 

3. Twelve specific PAH compounds are known to be carcinogenic, 

and of these, seven have been identified in St. Louis Park 

groundwater. 

4. The City of St. Louis Par~ now has a water shortage because of 

well closures due to elevated PAH concentrations in the well 

water. 

5. Substantial amounts of PAH have migrated beyond the property 

boundary of the former Republic Creosoting site. 

6. Sorption in the glacial drift and leakage through confining 

beds will probably cause~AH contamination to 

persist in the s~allow aquifers for thousands of years, even 

with implementation of remedial measures. 



.•. .. 
7. Leakage into the Prairie du Chien-Jordan aquifer, ~ 
~ 1n the Twin Ci~ies. ar;;Jw~ll probably cause . 

s~gn~f~cant PAH contam~nat~on to persist in this aquifer for 

at least a centur~ even with remedial measures. 
'-::._, ---

8. The Middle Drift and Plattevi'Ile-aquifers exhibit zones of PAH 

contamination north and east of the site which cannot be 

explained with existing knowledge of groundwater transport 

from the site and require further investigation. 

9. If groundwater movement is not controlled in the Prairie du 

Chien-Jordan and shallower aquifers, the generally eastward 

groundwater flow will eventually carry PAH to the Mississippi 

River or other tributary surface waters, which can be expected 

to preclude future potable use (without treatment) of ground­

water in the affected area. 

Gradient Control Well System 

gradient control wells 

11. An effective gradient control well system ~ncluding 
the ultimate disposition of water discharged from the wells. 

12. Treatment of gradient control well discharge for potable use 

would address the present water supply shortage of the City of 

St. Louis Park and at the same time provide a means for 

removin~ PAH from the environment. 

13. Granular activated carbon is the best available treatment 

.,~~~~----~~--~~~~~~~~ 
method for PAH removal from gradient control well discharge. 
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14. Operation of the gradient control well system needs to be 

flexible and will requir in ......___ 
order to accommodate pre and future 

changes in groundwater withdrawal • 

.... -.. · . 
15. Operation of the gradient cc)nt·rol well system may cause 

contamination of aquifer areas not presently known to be 

contaminated. 

16. The gradient control well system would need to operate for an 

some aquifers. 

Major Contaminant "Source" Area 

17. The finding of PAH concentrations above reported solub_ili ties 

in water suggests that a distinct fluid zone with a predominantly 

hydrocarbon character exists in the Middle Drift aquifer 

at the south of the former Republic Creosoting site. 

18. Indirect evidence suggests that peat deposits at the south of 

nAA the site will probably act as a continuing source of 

~~ groundwater contamination in the Middle Drift. 

K . ·19] Removal of the •aourc:e" fluid in the Middle Drift and 

' excavation of the overlying peat and associated fluid could 

~ reduc:e the impac:ta of leakage on groundwater 

quality in the underlying bedrock aquifers. 

20. Disposal of "source_" fluid removed from the Middle Drift and 

the overlying peat would probably entail truck or rail 

ransport because the extremely high PAH concentrations 

preclude local treatment and disposal at the present time. 
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.. .. . 
21. As an interim measure, capping the "source" peat deposits with 

clay or other low-permeability material woul~~~~~ 
groundwater quality impacts and would prevent direct human I 

contact with contaminated soils. .. 

Information Deficiencies ... --.··. 

22. PAH measu.rements in the parts per trillion (nanogram per liter 

or nanogram per kilogram) range are variable and difficult to 

interpret. 

23. Available data do not define the full extent of PAH 

contamination in any one of the aquifers. 

24. Available data do not define the nature and full extent of 

the major contaminant .. source" area at the south of the former 

Republic Creosoting site, including fluid in the Middle Drift 

and overlying peat deposits and associated fluid. A disposal 

plan and cost estimates cannot be formulated for the fluid 

until more detailed information is available on the quantity 

and quality of the "source" material and resulting 

techniques. 
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X. RECOMMENDATIONS 

The following recommendations have resulted from the present study. 

Immediate Actions • 
1. St. Louis Park municipal wells 4, 10 and 15 in the Prairie 

du Chien-Jordan aquifer shouldbe returned to service as soon 

as possible, with discharge of the .water to the sanitary sewer 

system. 

2. The "source" peat deposits should be capped with low-permeability 

material and graded to maximize surface runoff, as an interim 

measure. 

3. The City of St. Louis Park should continue to investigate 

alternative water sources. 

4. All groundwater usage in the St. Louis Park vicinity should 

be inventoried, controlled and monitored. 

Ultimate Solutions 

5. The State of Minnesota should define criteria for polynuclear 

aromatic hydrocarbons (PAH) in potable water and ambient 

ground and surface water. 

6. A gradient control well system should be implemented in order 

to protect downgradient groundwater. 

7. A pumpout well or wells should be implemented in the Middle 

Drift "source" fluid zone at the south of the site when 

appropriate means of disposal are available. 

a. The data deficiencies should be investigated whether 

the gradient control well system is implemented or not. 
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9. After determination of the extent and nature of "source" peat 

deposits,,excavation of the peat and removal of the associated 

fluid should be re-evaluated. New data on PAH sorption in the 

glacial drift should also be taken into account when 

available. . .. --· 
of government should have overall responsibility 

managing the groundwater in the St. Louis Park vicinity, 

including operation of the gradient control well 

. ~~~ & V'~~ 
J ~'fly, .Jv~ 
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October 7, 

Stephen Shakman, Esq. 
Minnesota Pollution Control Agency 
1935 w. County Road B2 
Roseville, Minnesota 55113 

Francis X. Hermann, Esq. 
Assistant U.S. Attorney 
234 u.s. Courthouse 
Minneapolis, Minnesota 55401 

Allen Hinderaker, Esq. 
Popham, Haik, Schnobrich, 

Kaufman & Doty, Ltd. 
4344 IDS Center 
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Re: u.s. v. Reilly Tar & Chemical Corporation 

Gentlemen: 

I am herewith forwarding for each of you a copy of a 
letter recently received from ERT. 

EJS:ml 
Enclosure 

cc: Robert Polack, Esq. 
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ENVIRONMENTAL RESEARCH & TECHNOLOGY. INC. 
PORTER BUILDING. 10th FLOOR. 801 GRANT STREET. PITTSBURGH. PENNSYLVANIA 15219 

Mr. Edward J. Schwartzbauer, Esq. 
_Dorsey, Windhorst, Hannaford, 

Whitney & Halladay 
2200 First Bank Place East 
Minneapolis, Minnesota 55402 

Dear Ed: 

ERT Document No. P-A833-l00 
September 29, 1981 

RELD t)CT .- ~ 1981 

We have summarized for you our op1n1ons on those technical issues we 
believe central to the determination of whether remedial actions are 
necessary at St. Louis Park as well as our thoughts on the experimental 
plans that are vital to the collection of engineering information for use 
in the possible alteration of the existing St. Louis Park water treatment · 
system should that be needed. The central water quality issue of concern 
to us is the significance of trace levels of polynuclear aromatic 
hydrocarbons (PAH) in the untreated (raw) waters from certain St. Louis 
Park wells. 

Summary 

The basic items that must be addressed in order to determine the need 
for any additional PAH removal treatment system for any St. Louis Park 
well are (l) an appropriate goal for the level of PAH desired in the 
treated water; (2) the quality of the raw well waters for all relevant 
constituents, not just PAH; and (3) the effect of existing treatment 
operations on PAH. If, and only if, additional treatment is shown to be 
necessary, then these two other items must be addressed: (A) the viable 
and cost-effective treatment options that warrant further study; and 
(B) the fundamental performance parameters required to design and operate 
a full-scale treatment system. 

The studies conducted to date on evaluating the nature, extent, and 
possible treatment of trace levels of PAR in certain St. Louis Park well 
waters have not adequately addressed these basic items. The status and 
shortcomings of efforts to date in each of these areas, based on our 
present knowledge, together with recommendations for correcting these 

. shortcomings, are summarized below. The balance of this letter is then 
devoted to a more detailed discussion of each item. 

A criterion for the acceptable concentration of PAR in finished 
'drinking water has not been explicitly stated for St. Louis Park. Such a 
criterion is required to judge the need for and effectiveness of any PAH 
removal treatment system and should be based on the practical 
considerations relevant to the St. Louis Park situation as well as the 
general health concerns that such a criterion must address. 

ATLANTA~ CHICAGO • CONCORD. MA • FORT COLLINS. CO • HOUSTON • LOS AN.GELES • PITTSBURGH • WASHINGTON. DC 
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Neither the quality of raw St. touis Park well waters nor the ability 
of existing treatment systems to remove PAH have been accurately 
determined. Careful analytical study and a review of the substantial 
.!!idepee sussesting that the existing systems may significantly remove PAH 
are needed. 

The pilot PAH treatment studies performed to date at St. Louis Park 
have not provided the engineering design data required to cost, design, 
and operate a full-scale treatment system. 

Finished Water PAH quality Criteria 

We use the word "criterion" to mean a const.ituent concentration in 
finished water supplied to the public that is associated with a degree of 
predicted health effect and upon which engineering or scientific judgments 
may be based• Various criteria for PAH, which to our knowledge bave not 
been made explicit, have been used to date in St. Louis Park to close 
wells, seek alternate water supplies, and call for additional water 
treatment. To judge the basis for these kinds of decisions and to judge 
the effectiveness of an operating treatment system, it is necessary to 
have an explicitly stated water quality criterion for PAH. We feel that 
there are three basic facts which need to be recognized in establishing a 
practical criterion for the specific case of St. Louis Park. 

· First, a complex mixture of trace amounts of many individual PAH 
compounds is present in raw waters of some St. Louis Park wells. The raw 
water quality data collected by the Minnesota Department of Health {MDH) 
and other contractors show that suspect carcinogenic PAH are generally 
present at much lower concentrations than non-carcinogenic PAH. We 
believe .that a workable criterion should focus on the characterization and 
control of suspected carcinogenic PAH. 

Second, PAH occur ubiquitously in nature in soil, air, water and 
foodstuffs from both natural and anthropogenic sources.l* Trace {part 
per trillion) levels of PAH have been observed in pristine ground 
waters2 and in all U.S. drinking water supplies - raw and treated - that 
bave been analyzed with sufficiently sensitive techniques.3 We are 
aware of no substantial evidence to date that these levels pose a 
significant public health risk. 

Third, any criterion must recognize technical constraints in measuring 
and controlling PAH levels in drinking water. Complete removal (i.e. to 
absolute zero) of PAH by treatment is unobtainable, and there are limits -
*Footnotes are included at the end of this letter. ----------... =~~ = .r- -.... 
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on the levels that can be achieve~ with any given treatment technique.4 
There are also limits to practical analytical detection levels, which are 
clearly important in monitoring for compliance with any criterion. 
~ithout careful definit' icular analytic protocol, for example ~---' 
1t makes no sense to simph state that PAR shou d e kept e ow etectable ;-:::..r_..:/ 
)evels. Indeed, the definition of an analytic protocol is essential to ,----
the resolution Df any technical issues. 

We believe there are two basic approaches available for establishing 
numerical criterion for PAR in d-rinking water. Qne approach is to base 
the criterion on measured toxicological properties 'of PAR. The other 
approach is to base the criterion on multimedia environmental background 
levels for PAH, on the basis that PAR water quality corresponding to such 
levels does not result in excess risk since all individuals are exposed to 
similar amounts, independent of whether these amounts do produce some 
adverse health effect. In either case, a criterion needs to be explicit 
in stating the specific PAR compound(s) included, which, as we said above, 
should focus on suspected carcinogenic compounds. 

Raw Water quality 

It is necessary to characterize reliably both the amounts and 
variability of PAH and other relevant constituents in St. Louis Park well 
waters before any potential public health problem can be determined. 
Normal water quality constituents (e.g. major and minor anions and 
cations, total organic carbon) need to be characterized because they may 
affect or be affected by the design and operation of a PAH treatment 
system. PAH concentrations need to be accurately characterized in order 
to determine the level of treatment required, if any. 

Both of the PAH treatment studies conducted to date at St. Louis Park 
have shown considerable variations in PAR levels measured in raw water 
from well number 15 (the well studied in both cases)5, as have the 
regular analyses of raw water from this and other St. Louis Park wells by 
the MDH. These variations result from some combination of sampling and 
analysis variances and true ·fluctuations in the quality of the raw water. 
It is important to determine the relative contributions and significance 
of these causes before the need for treatment can be evaluated. 

An example of the importance of understanding sampling and analysis 
variances is provided by results reported from Serco's July 1979 activated 
carbon pilot study. Comparisons of nine split samples analyzed by both 
the MDH and Serco during this study typically show differences by as much 
as a factor of ten to one hundred or more in the results obtained for 

- =--: :. -- --
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specific PAH compounds. Analytical variations of this magnitude are 
clearly significant in deciding if a well water exceeds a quality 
criterion or in evaluating the effectiveness of a treatment method. What 
is required in making these judgments is a known level of confidence in 
both the absolute and relative accuracy of the data being used. 

We believe that the work required to better resolve the causes and 
significance of raw water PAH variations is (1) agreement on protocols for 
well sampling, sample handling, extraction and analysis techniques and 
then (2) sampling of the wells in question using these protocols with 
analyses for relevant constituents as well as PAH. . 

Effect of Existing Treatment 

The extent of PAH removal that can be obtained by the different 
existing treatment systems at the various St. Louis Park wells needs to be 
ascertained before any add-on treatment systems are investigated. This is 
required in order to determine if PAH levels are acceptable after 
conventional treatment of the raw water. This issue is important because, 
as we pointed out during our October 9, 1980 meeting with the u.s. 
Attorney, et al, there is evidence that the existing treatment systems in 
St. Louis Park, especially those with iron removal treatment, as at well 
number 15, can provide significant PAH removal by themselves. The 
evidence includes results from Serco's July 1979 work,6 as well as 
results from the open literature on PAH occurrence in public drinking 
water supplies with conventional treatment systems.7 

The degree of PAH removal by existing St. Louis Park treatment systems 
can be readily determined by reactiviting the closed wells (with discharge 
of the water to sewer, if desired) and analyzing PAH levels in samples 
collected before and after each treatment step. Major and minor 
constituents should also be analyzed. Both chlorination and iron removal 
(by oxidation and sand filtration) treatment should be separately 
characterized since they may have different effects and since some wells 
do not have iron removal, while all have chlorination. 

We believe it is premature to study additional treatment options, 
given the lack of information concerning the effect of existing . 
treatment. Therefore,· such study should be undertaken if, but only if, 
existing treatment is shown to be inadequate. Nevertheless, a few 
comments seem in order with respect to the studies done to date, and what 
steps might be taken if needed. 

----....--. - =..:~ :=-· ·J'"" -w 
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Study of PAH Treatment Options 

.... · 

Thorough literature reviews and cost analyses of candidate treatment 
methods .should be performed before any pilot treatment studies or designs 
are implemented. This information is requied to make preliminary capital 
and operating cost estimates for the various add-on treatment candidates 
in order to identify the most cost-effective method(s) for further pilot 
studies. 

Such a survey and analysis of applicable treatment methods is 
important because, as we discussed during our October 9, 1980 meeting, 
there are add-on treatment options other than activated carbon which may 
be more cost-effective for use at St. Louis Park. In particular, we 
suggested that treatment with hydrogen peroxide under ultraviolet 
radiation could be an effective option. While E.A. Hickok and Associates 
performed some limited investigation of this technique as part of their 
studies, their work, as they stated, was not sufficient to define the 
applicability or design requirements of hydrogen peroxide treatment.B 

Testing of PAH Treatment Options 

Once a raw well water has been accurately characterized and shown to 
exceed an established criterion for PAH after treatment by any existing 
system, and after literature review and preliminary cost study have 
identified cost-effective treatment options, pilot studies are then 
appropriate for the treatment method(s) selected. The purpose of such 
pilot studies is to determine the fundamental performance parameters 
required to cost, design, build and operate a treatment system. 

Five basic components must be part of any treatment study. Any study 
must (1) be performed with the actual well water in question, 
(2) determine the basic engineering design and performance parameters 
required to extrapolate accurately pilot results to the design and 
operation of a full-scale system, (3) examine the effect of other 
constituents on and by the treatment system, (4) determine the nature of 
any reaction by-products and (5) subject all data obtained to rigorous 
statistical analysis in order to quantify the significance and reliability 
of the results. 

We believe that the activated carbon pilot treatment studies 
commissioned to date by St. Louis Park have inadequately addressed most of 
the above items. Probably the most important shortcoming is that the 
studies have not provided all of the performance parameters required 
confidently to design and operate a full-scale activated carbon system. 
For example, the powdered activated carbon (PAC) studies have not 
distinguished between PAH removal by PAC in suspension and by PAC 

'"'! =--- = ·-- ---- ... ' ,.. -·- _, -- -
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accumulated on the sand filter downstream. This is a crucial point in a 
PAC treatment design because it affects the dosage, residence times, and 
backwash cycle times required. Similarly, the granular activated carbon 
(GAC) studies have not determined carbon adsorption capacities, which is 
an important design parameter that controls the rate at which the carbon 
needs to be replaced or regenerated. Other items requiring study for 
either PAC or GAC treatment are methods, cost, and effectiveness for 
disposal and/or regeneration of spent carbon (and backwash water, if 
applicable) and the effects of different brands of carbon, which can 
significantly affect performance.9 

We hope tbis letter is useful in outlining the important technical 
issues involved in PAH treatment studies at St. Louis Park. Please call 
if you have any questions or further requests. 

JCC/lr 

Sincerely, 

... 
John c. Craun, P.E. 
Manager, Regulatory Engineering Group 
Environmental Engineering Center 

~~-~~~ 
Senior Technical Advisor 
Environmental Engineering Center 

---..._--
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FOOTNOTES 
·r 

See, for example, Blumer, Max, Scientific American, Vol. 234, No. 3, 
pp. 35ff, March 1976; Santodonato, et al, Multimedia Health Assessment 
Document for Polycyclic Organic Matter, prepared for u.s. EPA Health 
Effects Research Laboratory by Syracuse Research Corp., October 1979; 
Sbabad, L.M., The Circulation of Carcinogens in the Environment, NTIS 
No. PB0297507, June 1979; and Andelman, J.B. and J.E. Snodgrass, 
"Incidence and Significance of Polynuclear Aromatic Hydrocarbons in 
the Water Environment", in Critical Reviews in Environment Control, 
Vol. 4, No. 1, CRC Press, Jan. 1974, pp 69-83. 

Typical PAH levels in uncontaminated ground waters are on the order of 
50 parts per trillion. See Santod.onato, et al (op cit); Andelman and 
Snodgrass (op cit); and R.M. Harrison, et al, ''Review Paper -
Polynuclear Aromatic Hydrocarbons in Raw, Potable and Waste Waters", 
Water Research Vol. 9, pp 331-346, 1975. 

See references above, plus P.K. Sorrell, et al, "A Review of 
Occurrences and Treatment of Polynuclear Aromatic Hydrocarbons", u.s. 
EPA Office of Drinking Water, EPA-600/D-81-D66, February 1981 and 
Basu, D.K. and J. Saxena, Environmental Science & Technology Vol. 12, 
No. 7, July 1978, pp 795-798. 

Eugene A. Hickok and Associates' study on activated carbon treatment 
for St. Louis Park, for example, concluded that removal of PAH with 
raw water concentrations below 20 parts per trillion is difficult 
("Report on Drinking Water Treatment and Remedy Evaluation for St. 
Louis Park, Minnesota", April 1981). Sorrell, et al (op cit) 
similarly concluded that activated carbon appears to be uneconomical 
for removal of PAH at levels less than 30 parts per trillion (p. 24). 

E.A. Hickok and Associates (op cit) and Serco Laboratories, "Summary 
Report on the City of St. Louis Park Activated carbon Pilot Plant 
Study - July and October 1979", January 11, 1980. 

Table 1 of the Serco report (op cit) shows over 80% removal of 
fluoranthene and over 30% removal of phenanthrene/pyrene due to sand 
filtration alone. The data which show these remov~ls are felt to be 
sufficiently accurate to support this conclusion because they resulted 
from replicate analyses by a single laboratory (MDH). The problem of 
absolute accuracy as indicated by comparisons between laboratories, as 
discussed in the previous section, still remains, however. 

See especially-Sorrell, et al (op cit), also Basu & Saxena (op cit) 
and Harrison, et al (op cit). 
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PAH Removal - Wastewater ~reatment Plants 

Pollutant 

Acenaphthene 

Fluoranthene 

Naphthalene 

' . ' 

Treatment Process 

Activated Sludge 
Activated Sludge 
Activated Sludge 
Activated Sludge 
Activated Sludge 

Clarification/ 
Sedimentation 

Activated Slud~e 
Activated ~nudge · 
Activated Sludg~ 
Activated Sludge 
Activated Slud~e 
'Activated Sludge 
Activated Sludge 
Activated Slu4g~_ 
Activ~t~d Sludge 
Activated Sludg~ 
Activated Slti~ge 

Benzo(a)pyr~ne Clarific~tion/··. 
Sedimentation . · · 

Benzo(b )·· 
fluoranthene 

Benzo(k) 
fluoranthene 

Anthracene/ . 
Phenanthrene 

Fluorene 

Indeno(1,2,3 
-cd)pyrene 

Pyrene 

Clarification/ 
Sedimentation· 

Clarification/. 
Sedimentation 

Activated Sludge 
Clarification/ 
Sedimentatiqn 

Activated Sludge 

Activated siudge 

Clarification/. 
Sedimentation 
Activated Sludge 
Activated Sludge 
Activated siudge 
Activated Sludge 

_( 1) All data in parts per trillion 
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9?000 

3000. 
.51000 

93000 
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<7 

. <7 
<7 
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6000' 
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>98 

83 
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>90 

13 

>99 
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0 

I .0 
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0 

No information on: Benz(a)anthracene and Benzo(b)fluoranthene 

Reference: Environmental Prot·ec.tion Agency, "Treatability Manual", 
EPA-600, 8-80-042e, July 1980, Voi. 1,2,3,4 & 5 
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